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PREFACE TO THE FOURTH EDITION 


The text lias been exhaustively revised, considerably enlarged 
and completely reset in the present edition. The opportunity 
has been taken of rearranging certain sections and chapters 
which, it is hoped, will enhance the value of the book: thus 
the technique of semimicro analysis is now incorporated in 
Chapter II (Experimental Technique of Qualitative Inorganic 
Analysis). The author's aim has continued to be to provide a 
text-book of macro and semimicro qualitative inorganic 
analysis at moderate cost which can be employed by the 
student continuously throughout'* his study of the subject. 
There is some duplication in the chapters devoted to the needs 
of the elementary student, but it is felt that this method of 
treatment will assist to lay a firm and sound foundation from 
the very outset and also retain the individuality of Chapters 
V and W. The numerous new tests and procedures have been 
thoroughly tested in the laboratory. 

The following changes and new features in the present 
edition may be mentioned: 

1. The Bronsted-Lowry treatment of acids and bases (I, 5). 

2. An extended treatment of activity coefficients and their 
applications (I, 11 and I, 15). 

3. An extended treatment of the determination of pH. (I, 38 
and I, 39). 

4. Treatment of hydrolysis from the standpoint of the proton 
theory of acids and bases (I, 42). 

5. The description of semimicro apparatus and semimicro 
analytical operations (II, 3) has been revised in the light of 
experience in the laboratory during the last eight years. 
(Since both hand and electric semimicro centrifuges are now 
comparatively inexpensive, the description of the pressure- 
filter tube method of filtration has been omitted.) 

6. AH the group separation tables on the semimicro scale as 
weU as many on the macro scale have been revised; some 
tables are new. The separation of Group IIA (copper group) 
and IIB (arsenic group) by the potassium hydroxide method 
has been included: this procedure has much to commend it 
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and merits wider application than it has had in the past. 
The precipitation of Group IV (calcium group) after evapora- 
tion of the filtrate from Group IIIB (zinc group) to dryness 
and elimination of all ammonium salts has been adopted as 
standard practice. (The latter is based upon the work of 
A. Scheinkman (1931) and of van Meuwenburg and G. Dulfer 
(1938); it seems to be insufficiently realised that high con- 
centrations of ammonium salts hinder the complete precipita- 
tion of Group IV (calcium group) by ammonium carbonate 
solution.} 

7. The zirconyl nitrate method for the separation of phos- 
phate. {This is based upon the researches of D. J. Cole (1952) 
in the laboratory of Dr. A. J. Lindsey at the Sir John Cass 
College; it is superior to most other '‘phosphate separations*’ 
and has therefore been given at the appropriate points in the 
text.} 

8. The reactions of paUadous compounds (IX, 7). 

9. A short chapter on inorganic paper chromatography. 
{This account is based largely upon the researches at the 
Chemical Research Laboratory, Department of Scientific and 
Industrial Research, Teddington ; the writer desires to acknow- 
ledge his indebtedness to Dr. F. H. Burstall and Mr. R. A. Wells 
for their kind help in supplying photographs of paper chromato- 
grams and also certain experimental details.} 

The book will be found suitable for students preparing for 
the General and Honours (Special) B.Sc. degree of the Uni- 
versities, for other University Examinations of equivalent 
standard, and for the Associateship of the Royal Institute of 
Chemistry; also for the General Certificate of Education at 
Advanced Level, the Preliminary Scientific Examination of 
the Pharmaceutical Society, for the Ordinary and Higher 
National Certificates in Chemistry, the various Scholarship 
Examinations, and for general laboratory use. It is hoped, 
also, that the volume be useful to practising analytical 
chemists. 

The author wishes to record his indebtedness to Dr. A. Claassen 
of Eindhoven for numerous suggestions; to Mr. C. Kyte, B.Sc., 
for checking the new tests and procedures; to Dr. J. Leicester 
for the experimental work upon inorganic paper chromato- 
graphy ; to Messrs. W. T, Cresswell, B.Sc., and C. M. Ellis, B.Sc., 
and Drs. G. H. Jeffery and J. Leicester for reading the gaUey 
proofs and for helpful suggestions; and finally to Dr. G. H. 
Jeffery for his help and advice upon numerous occasions. 


Preface vii 

The writer would be glad to hear from teachers, analytical 
chemists and others of any errors which may hare escaped his 
notice; any suggestions whereby the book can be improved will 
be welcomed. 

A. I. VOGBL 

Woolwich Polytechnic, 

London, g.E.18 

September 1953 
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CHAPTER I 


THE THEORETICAL BASIS OF QUALITATIVE 
ANALYSIS 

ELEMENTARY TREATMENT 

Qualitative analysis has for its object the identification of 
the constituents of a substance, of mixtures of substances or 
of solutions, and the manner in which the component elements 
or groups of elements are combined with one another. Quanti- 
tative analysis is concerned with the methods of determining 
the relative proportions of these constituents. It is evident 
that rigid qualitative analysis must precede the quantitative 
analysis ; the former should give an approximate indication of 
the relative proportions of the constituents present and should 
serve as a guide to the methods to be adopted in the latter. 

In what follows, the principles underlying the separation of 
the more commonly occurring elements will be considered. The 
treatment will be an elementary one and is designed as an 
introduction to the subject. By its aid it is hoped that the 
student will be able to appreciate the significance of the opera- 
tions commonly employed in qualitative analysis. In addition, 
a knowledge of the principal reactions of the elements and their 
derivatives is necessary. Chapters III and IV deal with this 
aspect of the subject. The molecular chemical equations are 
given throughout. The student should have no difficulty, after 
studying Sections I, 24 and I, 25 in converting most of these 
into ‘"ionic equations.” 

The identification of a substance involves its conversion, 
usually with the aid of another substance of known composition, 
into a new compound which possesses characteristic properties. 
This transformation is called a chemical reaction. The sub- 
stance by means of which this transformation is brought about 
is termed the reagent. One distinguishes between reactions in 
the wet way (Le. those in which a liquid, usually water, is 
present) and reactions in the dry way; the fonner are by far 
the more important and will therefore be studied in greater 
detail. 

1 


1 



2 Qwlitative Inorganic Analysis [I, 

REACTIONS OF INORGANIC SUBSTANCES IN 
AQUEOUS SOLUTION 

The reactions employed in qualitative analysis are largely the 
reactions of inorganic acids, bases and salts with each other in 
aqueous solution. Other solvents are rarely employed except 
for special operations. It is therefore necessary to have a 
general knowledge of the conditions that exist in such solutions. 

THEORY OF ELECTROLYTIC DISSOCIATION 

I, 1. Electrolytes and Non-Electrolytes. — ^A solution is the 
homogeneous product obtained when a substance is dissolved 
in water (or any other liquid) ; the dissolved substance is known 
as the solute, and the water (or other liquid) in which the solute 
is dissolved is called the solvent. Substances can be divided 
into two main classes according to the behaviour of their 
aqueous solutions to an electric current. In the first class one 
has those which conduct the electric current and are decom- 
posed thereby ; the second class is composed of those which 
yield non-conducting solutions. The former are termed electro - 
l 3 rtes, and these include acids, bases and salts; the latter are 
designated non ‘•electrolytes, and are exemplified by cane sugar, 
mannose, glucose, glycerine, ethyl alcohol and urea. It must 
be pointed out that a substance which is an electrolyte in water, 

sodium chloride, may not yield a conducting solution in 
another solvent such as ether or hexane. Furthermore, electro- 
lytic character is not confined to solutions ; it is also manifested 
by fused salts. 

I, 2. Electrolysis and Ions. — Pure water is a very poor con- 
ductor of electricity but, as already stated, when acids, bases 
or salts are dissolved in it, the resultant solution not only 
conducts the electric current but is also simultaneously de- 
composed. The decomposition is called electrolysis. Thus, if 
an electric current from, say, a battery is passed through hydro- 
chloric acid, the hydrogen chloride is split up into hydrogen and 
chlorine. The hydrogen is liberated at the electrode by which 
the current leaves the solution (the negative electrode or 
cathode) whilst the chlorine is liberated at the electrode by 
which the current enters the solution (the positive electrode 
or anode). This behaviour is a general one for electrolytes — 
for the present it is assumed that no secondary changes occur at 
the electrodes — and it is obvious that the part of the electrolyte 
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moYiiig to the ca^thode must be positively charged and that 
moving to the anode must likewise be negatively charged. 
Faraday termed the charged components of the electrolyte 
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Fig. I, 2. 1 


ions; the positively and negatively charged ions were called 
cations and anions respectively. A diagrammatic figure of 
electrolysis is shown in Kg. I, 2, 1. 

I, 3. Some Properties of Aqueous Solutions.— It has been 
found experimentally that equimolecular quantities of non- 
electrolytes, dissolved in the same weight of solvent, have the 
same effect upon the lowering of vapour pressure, the depression 
of freezing point and the elevation of boiling point. The deter- 
mination of any of these quantities for a solution therefore 
enables one to calculate the molecular weight of the dissolved 
substance provided the change produced by one molecular 
weight in a known weight of solvent is known. Thus the 
freezing point of water is lowered by by the molecular 

weight of any non-electrolsrte dissolved in 1000 grams; the 
boning point is similarly raised by 0-51°C. 

Abnormal results were obtained with electrolytes. Those of 
the sodium chloride type gave a depression of freezing point 
of about twice the expected or normal magnitude, whilst with 
of calcium chloride or sodium sulphate 
the depression of freezing point was approximately three times 
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that produced by a noil-electrolyte of the same molecular con- 
centration. 

It was to explain the abnormal vapour pressures, freezing 
points and boiling points of aqueous solutions of electrolytes 
that Arrhenius in 1887 put forward his theory of electrolytic 
dissociation or ionisation. According to this theory, all electro- 
lytes when dissolved in water are decomposed or dissociated 
into charged atoms or groups of atoms (ions). The extent of 
this dissociation or ionisation increases with dilution, and at 
very great dilutions it is practically complete. For every con- 
centration there is a state of equilibrium between the undis- 
sociated molecules and the ions; the process is a reversible one. 
The ionisation of compounds may therefore be represented by : 

NaCl^Na+ -f CP; 

HC1^H++Cr; 

CaCl2^Ca++-h2a“; 

NagSO^ ^ 2Na+ -f S 04 “ 

The ions carry positive and negative charges and, since the 
solution is electrically neutral, the total number of positive 
charges must be equal to the total number of negative charges. 
The number of charges carried by an ion is equal to the valency 
of the atom or radical. 

The abnormal results referred to above now receive a simple 
explanation if it be assumed that the effect of each ion upon 
the vapour pressure, freezing point or boiling point is equivalent 
to that of a molecule of a non-electrolyte. Sodium chloride 
yields two ions in aqueous solution, so that the nearly double 
depression of freezing point obtained in dilute solution would 
appear to indicate considerable dissociation. The results for 
sodium sulphate and calcium chloride are similarly accounted 
for. It is evident that precise measurements of this 
‘‘abnormality” may be employed to calculate the extent of 
ionisation or the degree of dissociation. Another method for 
determining this quantity, dependent upon the measurement 
of electrical conductivity, will be discussed in a subsequent 
section. 

^ The phenomena of electrolysis also receive a simple explana- 
tion on the basis of the theory of electrolytic dissociation. 
The conducting power of aqueous solutions of electrolytes is 
due to the ions which transport the current through the 
solution. Returning to the example of hydrochloric acid 
already considered, it is clear that if two inert electrodes, say 
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of platinum, connected to a source of current, be introduced 
into the solution, the positively charged hydrogen ion H-^ will 
travel to the cathode from which it will take up one electron, 
become converted into a neutral hydrogen atom and be dis- 
charged. The negatively charged chlorine ion OF will be 
attracted to the anode; here it will give up its charge, become 
neutral and be liberated as the free gas. The discharge of the 
ions is accompanied by a simultaneous dissociation of the 
electrolyte in order to maintain the equilibrium. 

The phenomenon is not always as simple as for hydrochloric 
acid. The ions are not always discharged at the respective 
electrodes; they may also react with the electrodes themselves 
or with the electrolyte or if the potential required to discharge 
either of the ions be greater than that necessary for the dis- 
charge of the ions of water H+ and OH“ (H^O ^ H+ + OH“), 
either of the latter may be preferentially discharged. Thus in 
the electrolysis of sodium chloride solution, chlorine is evolved 
at the anode and the sodium initially formed at the cathode 
reacts with the water liberating hydrogen; with a mercury 
cathode, however, the sodium dissolves in the mercury and an 
amalgam is formed. The electrolysis of a solution of sodium 

^ (Na2S04 ^ 2]Sra+ + SO4 ) results in the liberation 
ot hydrogen at the cathode and oxygen at the anode. The 
latter^ arises from the circumstance that the sulphate ion 

requires a higher potential for its discharge than does 
the hydroxyl ion OH and hence the latter is discharged in 
accordance with the equation: 

40 H'“ = 4 c + 2H2O + O2 

I, 4 , Reactions of Ions. — ^Most of the wet reactions employed 
in quahtative analysis are reactions of the ions. It is an 
expenmental fact that the compounds of most metals with 
chlorine (chlorides), which are soluble in water, yield a white 
precipitate of silver chloride when treated with a solution of 
M because all chlorides give rise to the 

cmoride ion Cl m aqueous solution, and this reacts with the 
silver ion Ag+ ongmating from the silver nitrate solution. In 
a simuar maimer all silver salts, which dissociate in aqueous 
Ti, same precipitate when chloride ions are 

dded to their solutions. The reactions may be represented: 

K+ + + Ag+ + NOa*” =Aga + K+ + ^03““; 

Na+ + cr + Ag+ + (C2H3O2)" = AgCl + Na+ + (C2H3O2)-; 

^ Cl +Ag+=AgCl 
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Thus the precipitation of the highly insoluble silver chloride is 
due to the combination between silver and chloride ions. 
These ions react independently of the other ions with which 
they were originally associated in the solid state. 

When a solution of potassium chlorate is added to one of 
silver nitrate, no precipitate of silver chloride is obtained, 
because potassium cUorate furnishes K+ ions and OlOg^” ions 
in solution but no CF ions. Silver nitrate, dissolved in ethyl 
alcohol, does not yield a precipitate with chlorobenzene 
CgHsCl or with carbon tetrachloride GCI4 in alcoholic solution, 
although it does so with sodium chloride solution. The sodiuni 
chloride is dissociated to a small extent in alcoholic solution; 
the chlorobenzene and carbon tetrachloride not at all. 

I, 5 , Theory of Acids and Bases.^ — ^An acid is most simply 
defined (after Arrhenius) as a substance which, when dissolved 
in water, undergoes dissociation with the formation of hydrogen 
ions as the only positive ions : 

Ha^H+ + cr 

HN03^H+ +N03“ 

Actually hydrogen ions H+ (or protons) do not exist in the free 
state in aqueous solution. Each proton is bound to one water 
molecule by coordmation with a pair of free or lone electrons 
on the oxygen of the water, H+ OHg or H3O+ ; its formation 
is similar to that of the ammonium ion NH4'*", which is a co- 
ordination of a proton with a pair of electrons on the nitrogen 
in ammonia, The B.^ 0 ^ ion is termed the 

hydroxonium, oxonium or hydronium ion: the first of these 
names will be employed. 

The experimental evidence for the existence of the hydroxonium ion 
in aqueous solution includes the following: 

(i) Liquid sulphur dioxide (at —30°) dissolves water to a small extent 
and hydrogen bromide in larger quantity but neither of these solutions 
alone forms a conducting solution. The solution of hydrogen bromide 
in liquid sulphur dioxide will dissolve exactly one molecule of water 
per molecule of hydrogen bromide giving a highly conducting solution. 
These observations are readily accoimted for by the reaction: 

HBr HaO Br" + H 3 O+ 

Furthermore, when the solution is electrolysed, bromine is liberated at 
the anode and hydrogen is evolved at the cathode; also the solution 
near the cathode gains one molecule of water for each hydrogen ion 
deposited at the cathode: 

2Br"' Brg -f- 2e 
2H3O+ + 2H2O 
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(ii) X-ray 6xajtiiiiiatioii of crystalline percMoric acid nionoiiydrafee 
indicates that it forms an ionic lattice [HsO^] [CIO4 ], i.e. H3O.CIO4 

^ . is isomorphous with ammonium perchlorate 

[NH4+] [ClOr]. 

The above equations are more accurately expressed by : 

HCl+H20^H30++Cr 

HNO3 + H2O ^ H3O+ + mf 

The dissociation may be attributed to the great tendency of the 
free hydrogen ions or protons to combine with water to 
fojrm hydroxonium ions. Hydrochloric and nitric acids are 
almost completely dissociated in aqueous solution in accor- 
dance with the above equations; this is readily detected by 
freezing point measurements. 

Polybasic acids dissociate in stages. In sulphuric acid, the 
first hydrogen atom is almost completely ionised : 

H2SO4 ^ H+ + HSOr, 
or II2SO4 "-j- H2O ^ HgO"*" HSO4 

The second hydrogen atom is only partially dissociated, except 
in very dilute solution: 

HS0r^H++S04“ 

or HS04~ + H2O ^ 030+ + S04““- 

Phosphoric acid also dissociates in stages : 

H3PO4 ^ H+ + H2PG4“ ^ H+ + HP04“ ^ H+ + PO4 ; 

or H3PO4 + H2O ^ H3O+ + H2P04^, 

H2P04” + HgO ^ H 3 O+ + HP 04 “", 

HPO4" + H2O ^ H3O+ + P04“-“ 

The successive stages of dissociation are known as the primary, 
secondary and tertiary dissociation respectively. As already 
mentioned, these do not take place to the same degree. The 
primary dissociation is always greater than the secondary, and 
the secondary very much greater than the tertiary. 

Acids of the type of acetic acid H.O2H3O2, give an almost 
normal freezing point depression in aqueous solution; the 
extent of dissociation is accordingly smaU. It is usual, there- 
fore, to distinguish between acids which are completely or 
almost completely dissociated in solution and those which are 
only slightly dissociated. The former are termed strong acids 
(examples: hydrochloric, nitric and iodic acids, primary dis- 
sociation of sulphuric acid) and the latter are called weak acids 
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(examples: acetic acid, secondary and tertiary ionisation of 
phosphoric acid, carbonic acid, boric acid and hydrogen 
sulphide). There is, however, no sharp division between these 
classes. Methods for the measurement of the relative strengths 
of acids are described in Section I, 12. 

A base is most simply defined (after Arrhenius) as a substance 
which, when dissolved in water, undergoes dissociation with the 
formation of hydroxide ions OH“ as the only negative ions. 
Thus sodium hydroxide, potassium hydroxide and other 
metallic hydroxides are almost completely dissociated in 
aqueous solution : 

NaOH->Na+ +OH-; 

these are strong bases. Aqueous ammonia solution, however, 
is a weak base. Only a small concentration of hydroxide ions 
is produced in aqueous solution. Arrhenius assumed the inter- 
mediate formation of ammonium hydroxide by the partial 
hydration of ammonia : 

NH3 + H2O NH4OH ^ NH4+ + OH^ 

It is more usual to write the reaction as: 

NH3+H20^NH4++0H- 

The above classical definitions of acids and bases proved to 
be of very limited application, although they suffice for many 
applications in qualitative inorganic analysis. These limita- 
tions are apparent, for example, in the field of non-aqueous 
solvents. Thus, if potassium hydroxide is dissolved in ethyl 
alcohol, the solution will contain hydroxide ions, just as in 
water; by dissolving potassium ethoxide in the same solvent, 
a solution with stronger basic properties is obtained and this 
contains ethoxide ions ( 0 C 2 H 5 "“) in place of hydroxide ions. 
With ethyl alcohol as solvent, it would seem more logical to 
define bases in terms of the ethoxide ion rather than in terms 
of the hydroxide ion. Similarly, in liquid ammonia the 
strongest bases are the metallic amides MeNH 2 , 
characteristic basic ion is the amide ion NH 2 “. 

A more general definition of acids and bases was proposed 
almost simultaneous, and independently in 1923 by J. N. Br5n- 
sted and T. M. Lowry. They define an acid as any substance 
(in either the molecular or ionic state) which donates protons 
(H+), and a base as any substance (molecular or ionic) which 
accepts protons. This can be expressed by the scheme : 

A^B + m 
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wiiere A and jB are termed a conjugate (or corresponding) add- 
base pair. It is important to realise that the symbol 
in this definition represents the bare proton or unsolvated 
hydrogen ion, and hence the new definition is independent of 
the solvent. The equation expresses a hypothetical scheme for 
defining the acid and base, and not a reaction which can actually 
take place. The dissociation of an acid to yield is con- 
ditioned by the presence of a base, i.e. a substance capable of 
accepting the liberated H+. 

The Bronsted-Lowry definition of an acid includes: 

(а) the uncharged molecules known as acids in the classical 
dissociation theory, e.g. HCl, IINO3, H2SO4, OH3 . COOH, etc. ; 

(б) anions like HSO^"*, H2PO4"” and HOOC.COO”, which 
occur in acid salts; 

(c) the ammonium ion by virtue of the tendency represented 
by NH4+ ^ NH3 + and the hydroxonium ion (H30'^ ^ 
H2O + H+) — ^these are examples of cation acids; and 

{d) cations, like the hydrated aluminium and other metallic 
ions 

[A1(H20)6?+ ^ [A1(H20)5(0H)P+ + 

For bases, the new definition is concerned with the ability of 
accepting a proton and not with the production of the hydroxide 
or some similar ion. The following are included: 

(а) uncharged molecules (ammonia and the amines) by virtue 

of the reaction IINH2 + RNH3’^ ; 

(б) metallic hydroxides, due to the production of the 

hydroxide ion — OH"" + ^ H2O. 

The hydroxide ion is one example of an anion base: other 
examples are the anions of all weak acids. Thus the acetate 
ion is a weak base : 

CH3. 000“ -f- H+ ^CHs. COOH 

It is important to note that the familiar strong bases according 
to the classical definition, such as the alkali and alkaline earth 
hydroxides, are invariably ionic in nature even in the solid 
state. The basic nature of these strong bases is due to the 
OH"” ions which are always present in the solid state or in 
aqueous solution, and interaction with the solvent is not an 
essential preliminary as for weaker bases, such as those of the 
ammonia (RNH2) type : 

RNH2 4- H2O ^ RNH3+ -f 0H“ 

Some substances can fimction both as acids and bases, and 
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are called amphoteric electrolytes or ampholytes : H^O/HCOs 
and H2P04“' are ezamples. 

As already pointed out, the equation A 4 " 11 + does not 
represent a reaction which can actually take place: otherwise 
expressed, the jfree proton, because of its small size and the 
intense electric field surrounding it, will have a great affinity 
for other molecules, especially those with unshared electrons 
and therefore cannot exist as such to any appreciable extent 
in an aqueous or other basic solvent. The acceptor of a proton 
is a base. Thus if one writes the two equations rii ^ -Bi + H+ 
and ^2 + H+ ^ one obtains: 

Ai + B^, ^ A^ 4 " Bi 
Acidj Basog Aoidg Bas©! 

This represents the transfer of a proton from Ai to B^ and from 
AI2 fo Bj. Eeactions between acids and bases are therefore 
often called protolytic reactions. The conjugate acid and base 
are designated by the same subscript. 

It is of interest to examine the mechanism of the reaction which 
occurs when strong and weak acids are dissolved in water as 
illustrated by hydrochloric acid and by acetic acid respectively. 
Hydrogen chloride in the gaseous or pure liquid state does not 
conduct the electric current, and possesses aU the properties of 
a covalent compound. When the gas is dissolved in water, the 
resulting solution is found to be an excellent conductor of 
electricity and therefore contains a high concentration of ions. 
Evidently the water, behaving as a base, has reacted with the 
hydrogen chloride to form hydroxonium and chloride ions: 

hci + H20^H80+ +or 

The reaction proceeds almost entirely towards the right, 
indicating that the ability of water to combine with protons 
is very much greater than the tendency of chloride ions to 
combine with H+, i.e, water is a stronger base than chloride 
ion. When acetic acid is dissolved in water, the resulting 
solution has a comparatively low conductivity indicating that 
the concentration of ions is relatively low. The reaction: 

H.C2H3O2 4 - H2O ^ H3O+ 4 - C2H3O2- 

proceeds only slightly towards the right, and it is evident that 
the acetate ion has a more powerful attraction for protons than 
the chloride ion, i.e. C2H302~ is a stronger base than Cl"”. 
The ionisation of an acid thus depends upon the readiness with 
which the solvent can take up protons as compared with the 
anion of the acid. An acid, like hydrogen chloride, which gives 
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up H+ readily to the solvent to yield a solutiou w a high 
concentration of is termed a strong acid. An acid, like 
acetic acid, which gives up its protons less readily affording a 
solution with a relatively low concentration of is called 

a weak acid. It is clear, therefore, that if the acid is strong, 
its conjugate base must be weak; if the acid is weak, the con- 
jugate base is strong, i.e. possesses a powerful tendency to 
combine with H'*'. 

Some examples of protolytic reactions are collected below : 


Acidj 


Baseg 

Acidg 


Base^ 


H2SO4 

+ 

H20 ^ 

H30+ 

+ 

HS04" 


HSO4" 

4“ 

H20 ^ 

H30+ 

+' 

S 04 “~ 


CHs.COOH + 

H20 ^ 

H30+ 

+ CHg.COO" 

(i) 

CHg.COOH + 

NHg ^ 

NH4+ 

+ CH3.COO" 

(ii) 

HgO 

+ CH 3 .C 00 “ ^ 

CH3.C00H 

+ 

OH~ 

(iii) 

NH4+ 

+ 

H20 ^ 

H30+ 

+ 

NH3 

(iv) 

H2O 

+ 

NHg ^ 

NH4+ 

+ 

OH~ 

(■^) 

H2O 

+ 

HPO4 5^ 

H2PO4- 

+ 

OH" 

(vi) 

HQ 

+ 

C2H5OH ^ 

C2H5OH2+ 

+ 

cr 

(vii) 


Reaction (i) represents the dissociation of acetic acid in water; 
(ii) the neutralisation of acetic acid by ammonia or the hydro- 
lysis of ammonium acetate solution; (ui) the hydrolysis of an 
alkali acetate solution or the neutralisation of acetic acid by an 
alkali hydroxide; (iv) the hydrolysis of an ammonium salt or 
the neutralisation of ammonia by a strong acid; (v) the dis- 
sociation of ammonia in water; (vi) the hydrolysis of a secon- 
dary phosphate or the neutralisation of a primary phosphate 
with an alkali hydroxide; and (vii) ethyl alcohol functioning as 
a base and yielding the conjugate acid C 2 H 50 H 2 '^. Some of 
these reactions are discussed in greater detail in Section I, 42. 

Salts. The structure of numerous salts in the solid state has 
been investigated by means of X-rays and by other methods, 
and it has been shown that ions are actually present in the solid 
state. Sodium chloride, for instance, is built up of sodium ions 
and chlorine ions so arranged that each ion is surrounded sym- 
metrically by six ions of the opposite sign; the crystal lattice is 
held together by electrostatic forces due to the charges upon the 
ions. It is not surprising, therefore, that when salts are dis- 
solved in a solvent of high dielectric constant such as water, 
they are completely dissociated. The complete dissociation of 
salts in aqueous solution is the modem view and is now almost 
universally accepted. There are, however, some exceptions. 
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and these have, in some cases, been supported by X-ray 
measurements. Feebly dissociated salts (weak electrolytes) 
are e^tempMed by mercuric chloride, mercuric cyanide, lead 
acetate and the cadmium halides. 

I, 6, Experimental Determination of the Approximate 
Degree of Dissociation. — ^The degree of dissociation of ah 
electrolyte in an aqueous solution may be computed (after 
Arrhenius) either from the freezing point or from the electrical 
conductivity. Let us consider the freezing point method first. 
If 1 gram molecule of a binary electrolyte is dissolved in I litre of 
water and if a fraction a of the gram molecule is dissociated, the 
solution will contain (1 — a) gram molecule of the undissociated 
electrolyte and 2a gram molecules of ions. The total concen- 
tration of the solute wiU be (1 — a) + 2a = (1 + a) gram 
molecules. If A {theory) is the depression of freezing point 
produced at this concentration by a non-electroljrte {i.e, when 
no dissociation occurs), and A {obs.) is the observed depression 
of freezing point, then 

A{obs,)lA{t'he(>Ty) ^ {I + a)/l = i or a = i — 1 

Similarly, if the molecule of the electrolyte gives rise to n ions 
upon dissociation, the increase in the number of solute particles 
in the solution will be in the ratio of {1 + {n — l)a}/l, or 

a = (i — l)/(^ -“ !)• Dissociation is complete when i 

Let us now study the conductivity method. The electric 
current is transferred through the solution by means of the 
ions, hence the conductance at any temperature, measured in 
a definite way, wiU depend upon the degree of ionisation. The 
specific resistance or resistivity p of a solution is the resistance 
in ohms, measured between paraUel faces, of a cube of 1 centi- 
metre side. The reciprocal of the specific resistance or resis- 
tivity is called the specific conductance or conductivity, and 
is generally represented by the Greek symbol kappa (/c). It is 
measured in ‘^reciprocal ohms or mhos (mho = ohm written 
backwards), /c == 1/p. For electrolytic solutions, it is more 
convenient to employ the equivalent conductance or the 
equivalent conductivity (frequently designated by the Greek 
S 3 rmbol lambda A) for purposes of comparison. The latter is 
the conductance of a solution which contains 1 gram equivalent 
of the solute between two electrodes of indefinite size, 1 centi- 
metre apart. The specific conductance and equivalent con- 
ductance are connected by the relation : 

A == kV >== kJc, 



6] The Theoretical Basis of QualiMive 13 

where F is the volume in c.c. containing 1 gram equivalent of 
the solute and c is the concentration in gram equivalents per 
cubic centimetre. 

The discovery that the equivalent conductance of aqueous 
solutions of electrolytes increases with dilution and ultimately 
reaches a limiting value, was made by Kohlrauseh. The 
Arrhenius theory sought to account for this by assuming that 
the degree of dissociation increases with increase of dilution 
until at very great dilutions dissociation is complete. The 
limiting conductance corresponds to complete dissociation; it 
is represented by Aq (when referring to concentrations), or 
(when referring to dilutions). The degree of dissociation a, at 
any concentration c, is given by a == AJAq, where is the 
equivalent conductance at that concentration. Some results 
for the degree of dissociation a, deduced from freezing point 
and conductivity data, are collected in Table /, 5, 1 : it will be 
noted that the agreement is only approximate up to about OdAT 
and it may be stated that in more concentrated solutions the 
two values differ considerably. 


Table I, 1. Degree of Dissociation of Electrolytes by 
Freezing and by Conductivity Methods 


Substance 

Concentration 

G, 

equiv.jlitre 

oLfrom 

freezing 

point 

afrom 

conduc- 

tivity 

lUo, of ions 
for one 
molecule, n 

KCl 

0*01 

0*946 

0-943 

2 


0*02 

0-915 

0*924 



0-05 

0*890 

0-891 



0*10 

0*862 

0-864 


BaCla 

0-001 

0-949 

0-959 

3 

0-01 

0-903 

0-886 



0-10 

0-798 

0-754 


K2SO4 

0-001 

0-939 

0-957 

3 

0-01 

0-887 

0-873 



0-10 

0-748 

0-716 


K3[Fe(CN)6] 

0-001 

0-946 

0-930 

4 


0-01 

0-865 

0-822 



0-10 

0-715 

' ' 



The variation of equivalent conductance with concentration 
for a number of electrolytes at 25°(? is shown in Table /, 6, 2. 
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TabIib I, 6 i Z EQmvALENT Conductances AT 25 °(7 


■ ' ' 

Ooncn 

KGl 

NaGl 

HGl 

NaOH 

KOH 

Na. 

C 23^02 

H. 

G^HsOz 

0-0001 

0-0002 

0-0005 

0-001 

0-002 

0-005 

O-OI 

0 

149- 2 

148-3 

147-6 

146-5 

144-2 

141-6 

150- 1 

125- 3 

124-3 

123-5 

122-2 

119-8 

117-8 

126- 2 

422- 2 
421-1 
419-2 
414-9 
410-5 

423- 7 

246-5 

244-7 

242-5 

238-8 

234-5 

260-9 

270-1 

268-2 

266-2 

262-1 

258-9 

283-9 

894 

88*7 

87*7 

85*7 

1 83*7 

91*3 

104-G 

64-5' 

48-7 

35*2 

22*8 

16-2 

388-6 


Electrolytes which are largely ionised in solution are called 
strong electrolytes, whilst those which are only slightly ionised 
are termed weak electrolytes. Table I, 6, 3 gives the degree 
of ionisation or fraction of electrolyte dissociated, a, as 
determined from the conductivity in 0-liV' solution. 


Table 1, 6, 3. Appaeent Degbbe of Ionisation in 0* liV 
Aqueous Solutions from Conductivity Data 


Acids 

Salts 

Hydrochloric (H+, OF) 0-92 

Nitric (H+. NOg-”) 0-92 

Sulphuric (H+, HSO 4 ) 0-61 

Phosphoric (H+, HjPO^”) 0*28 

Hydrofluoric (H-*-, B^) 0-085 

Acetic {H+, CHg.COQ-) 0-013 

Carbonic (H+, HCOg*") 0-0017 

Hydrosulphurio (H+,HS ) 0-0007 

Hydrocyanic (H-^, CIST) 0-0001 

Boric (H+, HgBOg"”) 0-0001 

Potassium chloride (K+, CF) 0-86 

Sodium chloride (Na+, CF) 0-86 

Potassium nitrate (K+, NO 3 ) 0-82 

Silver nitrate (Ag+, NOg") 0-82 

Sodium acetate (Na+, CHg . COO"”) 0*80 
Barium chloride (Ba++, 2CF) 0-76 

Potassium sulphate (2K+, SO 4 ) 0-73 
Sodium carbonate (2Na+, CO 3 ) 0-70 
Zinc sulphate (Zn++, SO 4 ) 0-40 

Copper sulphate (Cu++, SO 4 ) 0-39 

Mercuric chloride (Hg++, 2C1 ) <0*01 
Mercuric cyanide (Hg++, 20N“) very 

small 

Bases • . . , 

Sodium hydroxide (Na+, OHT) 0-91 

Potassium hydroxide (K+, OBT) 0-91 

Barium hydroxide (Ba++, 20H'") 0-81 

Ammonia (NH 4 +, OBT) 0-013 


It should be mentioned that although the results for strong 
electrolytes have been considerably modified (their ionisation 
is now regarded as coinplete--^e Section I, 8), the general 
picture presented by the Table is still significant in so far as 
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the broad difference between strong and weak electrolytes and 
also between individual weak electrolytes are concerned. 

For strong electrolytes, the limiting conductance /Iq may be 
determined by extending the measurements to low concentra- 
tions and then extrapolating the conductivity-concentration 
curve to zero concentration. For weak electrolytes, such as 
acetic acid and ammonia, this method cannot be employed 
since the dissociation is nowhere near complete at the lowest 
concentrations at which measurements can be conveniently 
made (ca. 0*000 liV). Another method is, however, available 
for estimating Aq, This is described in the following section. 

I, 7. The Independent Migration of Ions. — ^As a result of a 
prolonged and careful study of the conductance of salt solutions 
down to low concentrations, Kohlrausch found that the equi- 
valent conductance of an electroljije is made up of the sum of 
the limiting equivalent conductances of the component ions. 
This permits one to predict Aq by adding together numbers 
which are characteristic of the ions in the solution. The 
relation is; 

rio = Aoc + ^a» 

where Aoa and Aqc are the limiting conductances or mobilities 
of the anion and cation respectively. The ionic mobilities are 
computed from Aq with the aid of transport numbers; these 
represent the fraction of the current carried by the cation and 
anion respectively, and are obviously proportional to their 
respective speeds. (For a fuller discussion of transport num- 
bers, the student is referred to text-books of physical chemistry.) 
Thus for potassium chloride at 18°, Aq = 130*1, the anion 
transport number is 0*503 (after Kohlrausch and Maltby), 
hence 

Ao, = A^ = 0*503 X 130*1 = 65*5, 
and Ao. - A^«+ = 0*497 X 130*1 == 64*6 

When one pair of mobilities is known, others may be computed 
from the relation, also discovered by Kohlrausch, that the dif- 
ference between the values of A^ for two anions is independent 
of the cation and vice versa. In this manner, a table of 
mobilities can be constructed. Some limiting ionic mobilities 
at 1S°G and 25°(7 are collected in Table /, 7, 1. This may 
be utilised for the determination of the limiting conductance of 
any electrolyte. Its particular value is for weak electrolytes 
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Table /, 7, 1. Limiting Ionic Mobilities at 18°0 and 26°C 



25°G 

H+'' ' 

317'0 

OH" 

174*0 

H+ 

348-0 

OH“ 


Na+ 

43-5 

Cl“ 

65*5 

Na+ 

49-8 

or 

76*4 

E+ 

64*6 

NO3- 

61*8 

K+ 

73-4 

1 O 3 - 


Ag+ 

64*4 

Br" 

67*7 

Ag+ 

61-9 

C2H3O2- 


1/2 Ca++ 

52*2 

r 

66*1 





1/2 Sr++ 

51*7 

F" 

46-8 





1/2 Ba++ 

56-0 

GIO3- 

55*0 





1/2 Pb++ 

61*6 

IO3" 

34-0 





1/2 Cd++ 

46*5 

C 2 H 3 O 2 - 

32-5 





1/2 Zn++ 

46*0 

1/2 SO*— 

68-3 





1/2 Cu++ 

45*9 

1 / 20204 “ 

6 M 






where Aq cannot be determined by direct extrapolation. Thns 
for acetic acid at 25®, 

Aq = AC 2 H 3 O 2 ' "i" ^H+ ~ 40*6 -f- 348*0 = 388*6 

The degree of dissociation at any concentration c can then be 
calculated from the relation a = AJAq, where is the equi- 
valent conductance at that concentration. A few typical 
results, calculated in this manner, are collected in Table /, 7, 2. 


Table I, 7, 2. Dissociation of Acids at 25°G 



Degree of Dissociation 

O-SAT 

0-001i\7 

Strong Acids 



Hydrochloric acid 

0-862 

0-993 

Sulphuric acid (primary ionisation) 

0*536 

0*960 

Nitric acid 

0*862 

0-997 

Trichloroacetic acid 

0-760 

0*994 

Weak acids 



Acetic acid 

: 'fr006.': 

0*126 

Carbonic acid 

0*0008 ' 

0*017 

Hydrocyanic acid 

0*00005 ; 

0*0011 


It is evident that the degree of dissociation varies consider- 
ably both with the nature of the acid and with the concentration. 
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The strengths of acids can ho roughly compared in terms of 
a at any given concentration. This method of comparison 
divides the acids into two main groups : strong acids, which are 
largely dissociated, and weak acids, which are feebly dissociated 
in aqueous solution. Considerable variations occur amongst 
the weak acids, and more accurate methods for the comparison 
of their strengths will be discussed under the law of mass 
action (Section I, 9). 

I, 8. Theory of Complete Ionisation. Interionic Attrac- 
tion Theory of Debye, Hiickel and Onsager.— It has already 
been pointed out that strong electrol 3 rtes, particularly salts and 
bases, are completely dissociated in aqueous solution. How 
then is one to explain the increasing equivalent conductance 
with decreasing concentration? We have seen that Arrhenius 
ascribed this to the increasing degree of dissociation, the 
mobilities of the ions at all concentrations being assumed con- 
stant. This classical view can now no longer be held to possess 
any significance for strong electrolytes. Debye and Huckel in 
1923 and Onsager in 1925 accepted the complete dissociation 
theory, and attributed the changes in conductance with dilution 
(and also the associated changes in osmotic activity in dilute 
solutions) to the electrical forces between the ions. Owing to 
the interionic forces, each ion will build up an /‘atmosphere’* 
of ions of opposite sign. When an electromotive force is 
applied, the ionic “atmosphere” will be unsymmetrical, for the 
ion has to build up a new ionic “atmosphere” in front, whilst 
the “atmosphere” behind the moving ion will be dispersed. 
The dispersal of the ionic “atmosphere,” however, requires a 
certain amount of time (“time of relaxation”), and hence there 
will always be, in the rear of the moving ion, an excess of ions 
of opposite sign as a result of which the mobility will be 
diminished. IHirther, the motion of, say, a positively charged 
reference ion will be subject to a retardation by the movement 
of the negative ions in the opposite direction, and the effect will 
be that of a viscous electrical drag (“electrophoretic effect”). 
In short, the speed of the ions will be diminished because of the 
attractive forces exerted by the ions constituting the “atmo- 
sphere” of opposite sign. The attractive forces will clearly be 
greater the more concentrated the solution, since the ions are 
brought closer together. Consequently the mobility of the ions 
will decrease with increasing concentration. At extreme dilu- 
tions the interionic forces will become negligibly small owing to 
the relatively great distance between the ions, and the mobilities 
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will approach a maximum Talue. The change in equivalent 
conductivity is thus attributed, not as in the Arrhenius theory 
to changes in the degrees of dissociation or to changes in the 
number of ions, but to variations in the velocities of the ions 
due to interionic forces. Debye, Hiiokel and Onsager have 
deduced an expression which accounts satisfactorily for the 
variation of the equivalent conductance with concentration of 
strong electrolytes from the lowest concentration to about 
0*002iV': it may be expressed in the form that is proportional 
to the square root of the concentration. At higher concentra- 
tions deviations occur, and many, at present, empirical assump- 
tions are introduced to express the relationship between 
and the concentration over a larger concentration range. The 
deviations may be regarded as due to some form of ionic 
association, such as the formation of ionic doublets which may 
behave, in some respects, as unionised molecules. The extent 
to which this occurs will depend upon the interionic forces and 
upon the chemical nature of the ions of the solvent, since many 
ions possess a tendency to undergo solvation, i.e. to combine 
with the molecules of the solvent. 

It is important to realise that whilst complete dissociation 
occurs with strong electrolytes, this does not mean that the 
effective concentrations of the ions are the same at all concentra- 
tions, for if this were the case, the osmotic properties of aqueous 
solutions could not be accounted for. The variation of osmotic 
properties is ascribed to changes of the ‘‘activity^^ of the ions; 
these are dependent upon the electrical forces between the ions. 
Expressions for the variations of the activity or of related 
quantities, applicable to dilute solutions, have also been 
deduced from the Debye-Huckel-Onsager theory. Further 
consideration of the conception of ''activity'’ will be given in 
the following section. 

The ratio AJAq on the modern complete ionisation theory 
no longer gives the degree of ionisation a for a strong electrolyte 
(for which a = 1): it has been named the conductivity coeffir- 
cient or conductance ratio. It does give the approximate 
degree of dissociation for weak electrolytes, but even here there 
is a slight ion interaction and a correction may be applied with 
the aid of the Debye-Hiiokel-Onsager theory. 

I, 9. THE LAW OF MASS ACTION 

Guldberg and Waage in 1867 clearly stated the law of mass 
action in the form: the velocity of a chemical reaction at 
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constant temperature is proportional to the product of the 
concentrations of the reacting substances. The concentrations 
are usually expressed in gram molecules per litre. On applying 
the law to homogeneous systems, i.e. to systems in which all 
reacting molecules are present in one phase, for example in 
solution, one can arrive at a mathematical expression for the 
conditions of equilibrium in a reversible reaction. 

Consider first the simple reversible reaction at constant 
temperature: 

A+B^C+D 

The velocity with which A and B react is proportional to their 
concentrations, or 

Vi = ki X [A] X [B], 

where ki is a constant known as the velocity coefficient, and 
the square brackets in heavy type indicate the molecular con- 
centrations of the substance enclosed within the brackets. 
Similarly, the velocity with which the reverse reaction occurs 
is given by 

V2 = h X [0] X [B] 

At equilibrium, the velocities of the reverse and forward re- 
actions will be equal (the equilibrium is a dynamic and not a 
static one) and therefore Vi = t?2, 


or 

or 


h X [A] X X [C] X [D], 

[C]X[B] h j. 

[A] X [B] 


K is the equilibrium constant; it wdll vary somewhat with the 
temperature and pressure, but such variations are of relatively 
little importance in qualitative analysis. 

The expression may be generalised. For a reversible reaction 
represented by: 


PiAi + P2A2 + ^ + ^2^2 + ^z^Z) 


where pi, Pz qi, 23 are the number of molecules of 
the reacting substances, the condition for equilibrium is given 
by the expression: 


[Bip X X EBaP ^ 

[AiP X EA2P X [AaP"“"' 


Expressing this in words, it may be stated: When equilibrium 
is reached in a reversible reaction, at constant temperature. 
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the product of the molecular concentrations of the resultants 
(the substances on the right-hand side of the equation), divided 
by the product of the molecular concentrations of the reactants 
(the substances on the left-hand side of the equation), each 
concentration being raised to a power equal to the number of 
molecules of that substance taking part in the reaction, is 
■ constant. 

1, 10. Application of the Law of Mass Action to Solutions 
of Electrolytes. — ^Attention has already been directed to the 
fact that weak electrolytes, such as acetic acid and /'ammonium 
hydroxide,** undergo reversible dissociation when dissolved in 
water. The equilibrium between the undissociated molecules 
and the ions for such electrolytes can be investigated by means 
of the law of mass action. The law cannot be applied to strong 
electrolytes, such as salts, where dissociation is complete, since 
there is little or no equilibrium between the ions and the undis- 
sociated molecules in solution. 

The following equilibrium exists in a dilute aqueous solution 
of acetic acid: 

H.C2H3O2 + H2O ^ H3O+ -f CgHgOg" * 

Applying the law of mass action, we have for the equilibrium 
constant 

[CgHsOg-”] X [H30+]/[H.C2H302] X [H2O] 

The concentration of water [H 2 O] is so large as to remain 
essentially constant, hence we may write : 

IC2H3O2-] X [H30+]/[H.C2H302] - [H2O] X = /C, 

where is the dissociation or ionisation constant at constant 
temperature. The term affinity constant is sometimes em- 
ployed for acids and bases. If 1 gram equivalent of the 
electrolyte is dissolved in V litres of solution (F = 1/c, where 
c is the concentration in gram equivalents per litre), and if a is 
the degree of dissociation at equilibrium, then the amount of 
undissociated electrolyte will be (1 -—a) gram equivalents, and 
the amount of each of the ions will be a gram equivalents. The 

* The equilibrium was formerly written; 

This leads to the same result for the dissociation constant, and here H+ is 
underatood to be the solvated proton or hydroxonium ion. This form of the 
equilibrium equation will be used frequently throughout the text for the sake 
of simplicifcy: it should, however, be interpreted in the Bronsted-Lowry sense 
as explained for acetic acid. 
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concentration (gram equivalents per litre) of undissociated 
acetic acid will therefore be (1 — a)/F, and the concentrations 
of each of the ions a/ F. Substituting in the equilibrium equa- 
tion, one obtains the expression: 

a2/(l — a)F = {ora%/(l — a) =ir„} 

This is known as “Ostwald’s dilution law.” The agreement 
of the ‘Maw” with experiment is illustrated by the following 
results for acetic acid at 25‘^(7 (Table /, 20, 1). 


Table 1 , 10, 1 . Equivalent Conductance and Dissociation 
Constant OF Acetic Acid AT 25 


Concn. X 10^ 

A 

a 

K,X 105 

1-873 

102-5 

0-264 

1-78 

S-160 

65-95 

0-170 

1-76 

9-400 

50-60 

0-130 

1-83 

24-78 

31-94 

0-080 

1-82 

38-86 

25-78 

0-066 

1-83 

66-74 

21-48 

0-056 

1-84 

68-71 

19-58 

0-060 

1-84 

92-16 

16-99 

0-044 

1-84 

112-2 

16-41 

0-040 

1-84 

0 

388-6 




The mean classical or Ostwald dissociation constant of acetic 
acid at 25‘’ is 1*82 x 10“^. Similar results— -the individual 
variations may sometimes be slightly greater — are obtained for 
other weak electrolytes. 

The equilibrium in an aqueous solution of a weak base, e,g, 
ammonia, may be discussed in a similar manner. According to 
classical theory, the series of equilibria may be written : 

NH3 (gas) + Aqua ^ NH3 (aq.) + HgO ^ NH4OH NH4+ -f- OH“- 
(dissolved) 

The term aqua denotes solvent water as distinguished from 
water reacting chemically: the hypothetical ammonium hy- 
droxide was introduced in order to conform with the Arrhenius 
definition of a base. The vapour pressure of NHg above even 
dilute solutions of ammonia indicates that the NH3 remains 
largely in the form of dissolved gas. There appears to be little 
direct evidence for the existence of NH4OH molecules. Indeed, 
from the Lowry-BrOnsted standpoint, there is little need to 






22 Qualitative Inorganic Analysis [I , 

postulate the existence of NH^OH as the ions can be produced 
directly by a protolytic reaction between ammonia and water : 

NHg + H 2 O ?^NH4+ + OH“ 

Basej Acidi Aeidj Basej 

The expression for the (concentration) equilibrium constant is : 
[NH4+] X [0H-]/[NH3] = [H2O] X K^. = K, 

Since [H 2 O] is large and may be considered constant, a new 
constant Zj, the basic dissociation constant may be employed. 
Some results for (due to Ostwald, 1887) for ammonia at 
26° are collected in Table I, 10, 2. It may be noted that, in 
general, for bases RNH 2 > s®'™® numerical result is obtained 
if the hypothetical solvated base RNH 2 H.OH is employed in 
the calculations. 


TABiiE 1, 10, 2. Equivalent Conductance and Dissociation 
Constant oe Ammonia at 25° 


Dilution (litres) 

A 

100a 

K, X 105 

8 

3-4 

1-35 

2-3 

16 

4-8 

1-91 

2-3 

32 

6-7 

2-66 

2-3 

64 

9-5 

3-77 

23 

128 

13-6 

6-36 

24 

266 

19-0 

7-54 

24 

00 

1 

262 




I, 11. Activity and Activity Coefficient.— In our deduction 
of the law of mass action, it was assumed that the effective 
concentrations or active masses of the components could be 
expressed by the stoichiometric concentrations. In solutions 
of electrolytes, this is not the case. Owing to the electrical 
forces acting between oppositely charged ions, the activity of 
the ions is reduced, and hence the ions behave as if they were 
of lower concentration than that calculated from the stoichio- 
metric concentration of the dissolved electrolyte. If, there- 
fore, the law of chemical equilibrium is to be applied to a 
reaction involving ions, each concentration must be multiplied 
by a factor which will allow for the interionic attraction. This 
factor is termed the activity coefficient because it gives the 
^ction of the total concentration which is effective in equi- 
librium reactions. If we represent the corrected concentration 
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or activity by a, the activity coefficient by / and the concentra- 
tion by 0 , then 

a xf 

The value of the activity approaches that of the molar con- 
centration or molarity as the solution is progressively diluted, 
since under these conditions the ions will be further apart and 
the interionic attraction will consequently become smaller. 
At infinite dilution the forces between the ions will be practically 
zero — a = c and / = 1. 

The concept of activity, a thermodynamic quantity, was 
introduced by G. N. Lewis. According to modern thermo- 
dynamics, the rigid equilibrium equation for, say, a binary 
electrolyte: 

AB^A+H-B”" 

is %+ X = ^fhem. 

where and denote the activities of A"^, B~ and AB 

respectively, and is the true or thermodynamic dis- 

sociation constant. At any molar concentration 

aj^+ =/a+«[A"^], Ug- ] ^ud “/ab • 

where / refers to the activity coefficients, and the square 
brackets to the molar concentrations. Substituting in the 
above equation, one obtains: 

A..EA+] xyB^ EB-] „ EA+3.EB~] .Ja. x A- „ ^ 
Ab.[AB] ““ [AB3 /ab 

This is the rigorously correct expression for the law of mass 
action as apphed to weak electrolytes. 

The activity coefficient varies with the concentration. For 
ions, it varies with the valency, and has the same value for 
all dilute solutions having the same ionic strength, the latter 
being a measure of the electrical field existing in the solution. 
The ionic strength, designated by the symbol I, was introduced 
by Lewis and Eandall in 1921 , and is defined as equal to one- 
half of the sums of the products of the total concentration of 
each ion multiplied by the square of its valency, or / = 1/2 
where is the ionic concentration in gram moles per litre 
of solution. An example will make this clear. The ionic 
strength of 0*1 molar HNO^ solution containing 0*2 molar 
Ba(N 03)2 solution is given by : 

1/2{0*1 (for H+) + 0*1 (for NOs"”) -f 0-2 x 2^ (for Ba++) 

+ 0-2x2 (for mf)} = 1/2{14} = 0^7 
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Activity coefficients may be derived inier alia, by making 
appropriate assumptions, from measurements of the e.m.f. of 
suitably arranged concentration cells and also from freezing- 
point data for solutions.* The Debye-Huckel theory of com- 
plete dissociation (1923) has provided a theoretical solution of 
the problem of calculating individual activities of ions in very 
dilute solution. The expression for the activity coefficient of 
an ion is: 

log/, == — 

where A is a constant, is the valency of the ion and I is the 
ionic strength of the solution. A may be computed from: 

A = WV27r/1000/2-303i?3/2e3/2y73/2; 

N is Avogadro’s number; e the electronic charge; J? the gas 
constant; € the dielectric constant (this is usually taken for 



dilute solutions as that of the solvent) ; and jP is the absolute 
temperature. The mean activity coefficient of a dilute aqueous 
solution of a salt at 25° is given by: 

log / = — 0-5092:+2 _i/^ 

where and z_ are the valencies of the positive and negative 
ions respectively. The expression is a hmiting one and is 
applicable to solutions of low ionic strength (up to about 
J = 0*01). The mean activity coefficients (experimental 
values) of a number of typical electrolytes at round concentra- 

♦ For details, see, for example, S. Glasstone, Text Book of Physical Chemistry, 
Second ^Edition, 1947 (MacmiUan). 
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tions are collected in Table /, 11, 1. The activity coefficients, 
in general, pass through a minimum and then rise gradually ; 
in some cases they exceed the value 1 in the region 1~4 molar. 
Figs. /, 11, 1 and 1, 11, 2 indicate graphically the change in 


Table 1 , 11 , 1. : Mean Activity Coefficients of Vabious 
Electeolytes 


Molar 

Concentration 

0-001 

0-01 

0-05 

0-1 

0-2 

0-5 

1-0 

2-0 

HCl: 

0*966 

0*904 

0*830 

0*796 

0*767 

0*758 

0*809 

1*01 

HBr 

0*966 

0*906 

0*838 

0*805 

0*782 

0*790 

0*871 

1*17 

HKO,. :: 

0*965 

0*902 

0*823 

0*785 

0*748 

0*715 

0*720 

0*78 

HIO 3 

0*96 

0*86 

0*69 

0*58 

0-46 

0*29 

0*19 

0*10 

H^SO, 

0*830 

0*544 

0*340 

0*265 

0*209 

0*154 

0*130 

0*12 

NaOH 

■ __ ■ 

— 

0*82 


0*73 

0*69 

0*68 

0*70 

KGH . 


0*90 

0*82 

0*80 

■ , — 

0*73 

0*76 

0-89 

Ba(OH )2 


0*712 

0*526 

0*443 

0*370 

— 

" — . 

— 

AgNO,> " 

— . 

0*90 

0*79 

0*72 

0*64 

0*51 

0*40 

0*28 

A1(N03)3 


, — 

, — 

0*20 

0*16 

0*14 

0*19 

0*45 

BaCljs 

0*88 

0*72 

0*56 

0*49 

0*44 

0*39 

0*39 

0*44 

Ba(N03)2 

0*88 

0*71 

0*52 

0*43 

0*34 

_ 

— 


CaOla 

0*89 

0*73 

0-57 

0-52 

0-48 

0*52 

0-71 

— 

Ca(N 03)2 

0*88 

0*71 

0*54 

0*48 

0*42 

0*38 

0*35 

0-36 

CdGlg 

0*76 

0-47 

0*28 

0*21 

0*15 

0*09 

0*06 

— 

CdS 04 

0*73 

0*40 

0*21 

0*17 

0*11 

0*07 

0-05 

0*04 

CuCla 

0*89 

0-72 

0*58 

0-62 

0*47 

0*42 

0*43 

0*51 

CUSO 4 

0*74 

0*41 

0*21 

0*16 

0*11 

0-07 

0*05 

_ 

FeCL 

0*89 

0*75 

0*62 

0*58 

0-56 

0*59 

0*67 

— 

KF 

. __ ■ ■ 

0*93 

0*88 

0-85 

0*81 

0*74 

0-71 

0*70 

KCl 

0*965 

0*901 

0*815 

0*769 

0*719 

0*651 

0*606 

0*576 

KBr , ■ ■ . 

! 0*965 

0*903 

0*822 

0*777 

0*728 

0-665 

0*625 

0*602 

Kl 

0*965 

0*905 

0*84 

0*80 

0-76 

0*71 i 

0*68 

0*69 

KCIO 3 

0*967 

0*907 

0*813 

0*755 

— 

— 

— 

,■ — ■ 

KCIO 4 

0*965 

0*895 

0*788 



. — ■ , 


— 

K 2 SO 4 

0*89 

0*71 

0*52 

0*43 

0*36 


: — 

— ■ 

K 4 Fe(CN)e 

— 

r; . 

0*19 

0*14 

0*11 

! 0*67 

— 

— 

LiBr 

0*966 

0*909 i 

0*842 

0*810 

0*784 

0*783 

0*848 

1*06 

Mg(N03)2 

0*88 

0*71 : 

0*55 

0*51 

0*46 

0*44 1 

0*50 

0*69 

MgS 04 

— 

0*40 

0*22 

0*18 

0*13 

0*09 

0*06 

0*05 

NH 4 CI 

0*96 

0*88 

0*79 

0*74 

0*69 

0*62 

0*57 

— 

NH^Br 

0*96 

0*87 

0*78 

0*73 

0*68 

0*62 

0*57 

— 

NH 4 I 

0*96 

0*89 

0*80 

0*76 

0*71 

■0*65 

0*60 

— 

NH 4 lsr 03 ■ 

0*96 

0*88 1 

0*78 

0*73 

0*66 

.■0*56 ■■■ 

0*47 

— 


0*87 

0*67 

0*48 

0*40 

0*32 

0*22 

0*16 


NaE ■ 

— 

^ 0*90 

0*81 

0*75 

0-69 

0*62 

— 

— 

NaCl 

1 0*966 

0*904 

0*823 

0*780 

0*730 

0*68 

0*66 

0*67 

NaBr 

i 0*966 

0*914 

0*844 

i 0*800 

0*740 

0*695 

0*686 

; 0*734 

Nal 

0*97 

0*91 

0*86 

0*83 

0*81 

0*78 

1 0*80 

0*95 

NaNOg ' 

: 0*966 

0*90 

0-82 

0*77 

0*70 

0-62 

0*55 

1 0*48 

'Na 2 S 04 ..:„ 

|•■■0•89^ 

0*71 i 

0-63 

0-45 

0*36 

i 0*27 

0*20 

— 

Na 0104 

0*97 

0*90 

0*82 

0*77 

0*72 

0*64 

0*58 

— 

Pb(N 03)2 

0*88 

, 0*69 

0*46 

0*37 

0*27 

0*17 

0*11 

: ■-_.■ 

ZnClg 

0*88 

0*71"^:' 

0*56 

i 0*50 

0*45 

0*38 

0*33 

■ 

ZnS 04 

0*70 

0*39 

' 

: 0*15 

0*11 

0*07 

0*05 

i 0*04 
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activity coefficient with increasing concentration for a few 
selected electrolytes : / is plotted against the square root of the 
concentration (g. mols. per 1,000 g. of solvent) c. 

The activity coefficients of unionised molecules do not differ 
appreciably from unity. For weak electrolytes in which the 
ionic concentration and therefore the ionic strength is small, 
the error introduced by neglecting the difference between the 
actual values of the activity coefficients of the ions, /^+ and/g-, 
and unity is small (<6%). Hence for weak electrolytes, the 
true or thermodynamic expression reduces to 
[A+]x[B-”]/[AB]=:Z; 

the constants obtained by the use of simple concentrations will 
be accurate to 2-6%. Such values are sufficiently precise 
for purposes of calculation in qualitative analysis. It must, 
however, be pointed out that precision values for the dissocia- 
tion constants of weak electrolytes can be obtained by the 
use of special methods; the discussion of these is outside the 
scope of this volume. 

For strong electrolytes, as well as for the more concentrated 
solutions of weak electrolytes, activity coefficients should be 
employed when precise results are required. Activity co- 
efficients, particularly for solutions containing mixtures of salts 
of various valence types such as are encountered in qualitative 
analysis, are difficult to determine. For this reason, we shall 
employ the molecular concentrations instead of activities in 
this text. Strong electrolytes wiU be assumed to be completely 
dissociated and no correction for activity coefficients will 
generally be made. Fortunately, in a large number of cases, 
the errors thus introduced are not very serious. 

I, 12. Strengths of Acids and Bases. — It has already been 
stated that the properties of acids are the properties of the 
hydrogen ion H+ (or, more correctly, the hydroxonium ion 
H 30 "^). For any given total concentration of acid, the con- 
centration of the hydrogen ions will depend upon the degree of 
dissociation a ; the strength of an acid will thus depend upon 
the value of a at a given concentration. The dissociation 
constant gives a relationship between a and the concentration, 
and it accordingly also represents a measure of the strength of 
the acid or a measure of its tendency to undergo dissociation. 

The properties of bases, according to the most elementary 
view,* depend upon the hydroxyl ion and the ionisation 
constant will likewise be a measure of the strength of the base. 

* See Section I, 5 for Br6nsted-Lowy definition. 
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Table /, 12, 1. Dissociation Constants at 25 ‘^<7 


Monobasic Aoid$ 

Nitrous acid 

4-6 

X 10-« 

Monochloroacetic 



Hydrocyanic acid 7*24 

X 10~1<> 

acid 

1*5 

X 

10-® 

Formic acid 

1*77 

X 10-‘t 

Cyanoacetic acid 3*49 X 

10-®t 

Acetic acid 

1*82 

X 10-® 

Phenylacetic acid 4*88 

X 

10-51 


1*76 

X 10-=t 

Benzoic acid 

6*37 

X 

lO-'t 

Propionic acid 

1*34 

X 10-s 

o-Chlorobenzoic 


Boric acid 

5*8 

X 10-10 

acid 

1*20 

X 10~H 




o-Nitrobenzoic 







acid 

6*00 

X 

10-®t 




Hydrofluoric acid 6*9 

X 

10-® 




Phenol 

1*3 

X 

10-10 

Dibasic Acids 

Hydrogen 

^Ki 9-1 

X i0-« 

Oxalic acid 

fKi 5*9 

X 

lO-^t 

sulphide 

K 2 1*2 

X 10-15 

Ka 6-4 

X 

lO-'t 

Sulphurous 

rKi 1-7 

X 10-““ 

Malonic acid ■ 

fKi 1*40 

X 

10-®t 

acid 

Ka 1-0 

X 10-’ 

Kg 2*20 

X 

10-«t 

Sulphuric acid 

Ka M6 

X lO-^t 

Succinic acid • 

fKi 6*63 

X 

io-®t 

Carbonic 

Ki 4*31 

X lo-’t 

Kg 2*54 

X 

lO-of 

acid 

[Ka 6-61 

X l0-“t 

d-Tartaric 1 

fKi 1*04 

X 

lO-sf 



acid 

Kg 4*55 

X 

10-«t 

Tribasic Acids 

Phosphoric 

acid 

fKi 7-62 X 10-»t 


fKi 9*20 

X 10-«t 

Ks 6*23 

X 10- sf 

Citric acid ^ 

Kg 2*69 

X 10-®t 

lKa6 

X lO-i^t 


iKg 1*34 

X lO-of 


rKi 5*0 

X 10-5 





Arsenic acid 

Ka 4-0 

X 10-5 






iKa 6-0 

X 10-1® 





Bases 

Ammonia 

1-8 

X 10-® 

Diethylamine 

1*2 

X 

10-» 


1-79 

X io-5t 

Triethylamine 

6*4 

X 

io-‘ 

Methylamine 

4*38 

X io-‘t 

Aniline 

4-0 

X 

10-10 

Dimethylamine 

5*20 

X lO-sf 

Pyridine 

2*0 

X 

io-‘ 

Trimethylamine 

5*45 

X 10-‘t 

Quinolme 

6*0 

X 

10-10 

Ethylamine 

5*6 

X 10-* 

Piperidine 

1*3 

X 

10-® 


t Figures marked with a dagger (f) are the true or thermodynamic dis- 
sociation constants (see Section 1,11). 
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For Yery weak or slightly dissociated electrolytes, the ex pres- 
sion a2/(l — a)F to ^ KV 6t % ^ '\/KVy 
since a may be neglected in comparison with unity. 
for any two weak acids or ba ses at any gh ren d ilution F (in 
litres), one has ai = V^TiF and = \/^ 2 F, or ai/a 2 — 
^/Kij^/K,^, Expressed in words, for any two weak or slightly 
dissociated electrolytes at equal dilutions, the degrees of dis- 
sociation are proportional to the square roots of their dissocia- 
tion constants. Some values for the dissociation constants at 
25° for weak acids and bases are collected in Table /, 12, 1 . 

I, 13. Dissociation of Polybasic Acids. — ^When a polybasic 
acid is dissolved in water, the various hydrogen atoms undergo 
dissociation to different extents. For a dibasic acid H 2 A, the 
primary and secondary dissociation can be represented by the 
equations: 

H2A^H++HA" (1) 

HA H"^ A (2) 

If the dibasic acid is a weak electrolyte, the law of mass action 
may be applied, and the following expressions obtained: 

[H+] X [HA~]/[H 2 A] -Zi (la) 

[H+] X [A-'-]/[HA“"] = Z 2 (2a) 

Zi and Z 2 are known as the primary and secondary dissociation 
constants respectively. Each stage of the dissociation process 
has its own ionisation constant, and the magnitudes of these 
constants give a measure of the extent to which each ionisation 
has proceeded at any given concentration. The greater the 
value of Ki relative to the smaller will be the secondary 
dissociation, and the greater must be the dilution before the 
latter becomes appreciable. It is therefore possible that a 
dibasic (or polybasic) acid may behave, so far as dissociation 
is concerned, as a monobasic acid over a considerable concen- 
tration range. This is indeed characteristic of many polybasic 
acids (see Table /, 12, 1 ). 

A tribasic acid H 3 A {e,g, orthophosphoric acid) will s^imilarly 
yield three dissociation constants, Zj, and Z 3 , which may 
be computed in an analogous manner: 


H 3 A 

(3) 

HaA" ^H+ + HA- 

(4) 

HA" ^ H+ + A 

(5) 
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We can now apply of the theoretical considerations to 
actual examples encountered in qualitative analysis.* 

Example 1. To calculate the concentrations of HS” and S”" in 
a saturated solution of hydrogen sulphide. 

A saturated aqueous solution of hydrogen sulphide at 25®, at 
atmospheric pressure, is approximately 0*1 molar. The primary and 
secondary dissociation constants are 9-1 X 10“"8 and T2 X 10““^^ 
respectively. 

Thus [H+] X CHS'-J/EHsS] = 9-1 X 10-8 (i) 

and [H+] x [S-"']/[HS"] = 1*2 x lO-is (ii) 

The very much smaller value of ^^2 indicates that the secondary 
dissociation, and consequently [S ] is exceedingly small. It 
follows, therefore, that only the primary ionisation is of importance, 
and [H+] and [HS""] are practically equal in value. Substituting 
in equation (i): [H+] = [HS“] and [H 2 S] = 0*1, one obtains 
[H+] = [HS"] == V9d X 10-8 X Od = 9*5 X 10-^. 

Both the equilibrium equations must be satisfied simultaneously; 
by substitution of these values for [H+] and [HS“] in equation (ii) 
one obtains 9*5 x lO-s x [S””] == 1*2 x lO-^^ X 9*5 x 10*“^, or 
[/S' ] =1*2 X 10”^5, which is the value for Z' 2 . 

If one multiplies equations (i) and (ii) together and transposes; 

[S“] = M X 10-23/[H+]2 

Thus the concentration of the sulphide ion is inversely proportional 
to the square of the hydrogen ion concentration, ix. if one, say, 
doubles [H+] by the addition of a strong acid, the [8““"] would be 
reduced to 1/2^ or 1/4 of its original value. 

I, 14. Common Ion Effect.— The concentration of a parti- 
cular ion in an ionic reaction can be increased by the addition 
of a compound which produces that ion upon dissociation. 
The particular ion is thus derived from the compound already 
in solution and from the added reagent, hence the name 
common ion. We shall confine our attention to the case in 
which the original compound is a weak electrolyte in order that 
the law of mass action may be applicable. The result is usually 
that there is a higher concentration of this ion in solution than 
that derived from the original compound alone, and new equi- 
librium conditions will be produced. Examples of the calcula- 
tion of the common ion effect are given below. In general, it 
may be stated that if the total concentration of the common 
ion is only shghtly larger than that which the original com- 
pound alone would furnish, the effect is small ; if, however, the 

* For further examples the reader is referred to any of the numerous books 
on chemical calculations. 
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concentration of the common ion is very much increased {e.g. 
that produced by the addition of a completely dissociated salt), 
the effect is very great and may be of considerable practical 
importance. Indeed, the common ion effect provides a 
valuable method for controlling the concentration of the ions 
furnished by a weak electrolyte. 

Example 2 . To calculate the sulphide ion concentration in a 0*25 
molar hydrochloric acid solution saturated with hydrogen sulphide. 

This concentration has been chosen since it is that at which the 
sulphides of the metals of Group II are precipitated. The total 
concentration of hydrogen sulphide will be approximately the samte 
as in aqueous solution, Le. the [H+] will be equal^to that 

of the completely dissociated HCl, i.e, 0*25Jf, but the [S ""] wiU 
be reduced below 1*2 x 10 “^^. 

Substituting in equations (i) and (ii) (Section I, 13), one finds: 

9-1 X 10-8 X [HaS] 9*1 X 10-8 x 0*1 

LHb J == — — 


IS“] 


im 

1*2 X 10-15 X [HS-] 


3*6 X 10--8, 


0*25 

1*2 X 10-18 X 3*6 X 10-8 
0*25 


rH+] 

= 1*7 X 10 -^^ 

Thus by changing the acidity from 9*5 x 10-5 Jf (that present in 
saturated HaS water) to 0*25if, the sulphide ion concentration is 
reduced from 1*2 X 10-i5 to 1*7 X IO- 22 . 

Example 3. What effect has the addition of 0*1 gram molecule 
( 8-20 grams) of anhydrous sodium acetate to 1 litre of 0*1 molar 
acetic acid upon the degree of ionisation of the acid? 

The dissociation constant of acetic acid at 25° is 1*82 x 10-5. 
The degree of dissociation a in 0*lJf solution (c = 0*1) may be 
computed by solving the quadratic equation: 

[H+] X [CaHgOa-] 


[H.CaHsOg] 


( 1 -a) 


1*82 X 10-5 


For our purpose it is sufficiently accurate to neglect a in (1 
since a is small : 


a), 


a = VkJc = y i-82 X 10-^=0-0135 
Hence in O^IM acetic acid, 

[H+] = 0*00135, [C 2 H 3 O 2 "*] = 0*00135 and [H . C 2 H 3 O 2 ] = 0*0986. 

The concentrations of sodium and acetate ions produced by the 
addition of the completely dissociated sodium acetate are : 

[Na+] = 0*1 and [C 2 H 302 ‘"] = 0*1 gram mole respectively. 

The acetate ions from the salt will tend to decrease the ionisation of 
the acetic acid since K is constant, and consequently the acetate ion 
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concentration derived from it. Hence we may write, [C2Hg02”] == 

0*1 for the solution, if a' is the new degree of ionisation, 

[H+] === a'c ===; Odoc' and [H.C2Hg02] = (1 — aOc = O-l, 

since a' is negli^bly small. 

Substituting in the mass action equation: 

|H+] X IC^B.On Oda' X 0*1 „ ,, 

[H.C2H3O23 - 0T“ - ^ X , 

or a' = 1*8 X 10-4 

[H+3 =:a'c = i*« X 

The addition of a tenth of an equivalent weight of sodium acetate 
to a 0*1 molar solution of acetic acid has decreased the degree of 
ionisation from 1*35 to 0*018 per cent, and the hydrogen ion con- 
centration from 0*0135 to 0*000018. 

Example 4. What efiect has the addition of 0-5 gram molecule 
(26*75 grams) of ammonium chloride to one litre of 0*1 molar 
ammonia solution upon the degree of dissociation of the base? | 

(Dissociation constant of NHg = 1*8 X lO-*'^) 

In 0*lif ammonia solution a = VhS x 10-^ /O-l = 0*013. 

Hence [OH"-] = 0‘0013, [NH4+] = 0*0013 and [NHg] = 0*0987. 

Let a^be the degree of dissociation in the presence of the added 
ammonium chloride. Then [OH”"] = a'c == 0*la' and [NHg] = 

(1 = 0*1, since cxf may be taken as negligibly small. The 

addition of the completely ionised ammonium chloride will of 
necessity decrease the [NH4‘^] derived from the base and increase 
[NHg], since K is constant under ail conditions. Now [NH4+] — 

0*5, as a first approximation. 

Substituting in the equation : ^ ^ I 

[NH4+] X [OH-] _ 0*5 X O-loc' __ , , 

[NHg] 0*1 ” ^ ^ * 

or a' = 3*6 X 10-5 and [OH"] = 3*6 x lO-^ 

The addition of half of an equivalent weight of ammonium | 

chloride to a 0*1 molar solution of ammonia has decreased the 
degree of ionisation from 1*35 to 0*0036 per cent, and the hydroxyl 
ion concentration from 0*0013 to 0*0000036. 

I, 15. Solubility Product. — It was found as a result of experi- 
ment that for sparingly soluble binary electrolytes (i.e. those i 

with solubilities less than 0*001 gram molecules per litre), the ^ 

product of the total molar concentrations of the ions is constant I 

at constant temperature. This product is termed the solu- i 

bility product. For a binary electrolyte : 

AB;^A++B- 
= [A+] X [B-] 
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Nernst, about 1889, enunciated the solubility product principle 
in the form: in a saturated solution of a sparingly soluble 
electrolyte, the product of the concentrations of the constituent 
ions for any given temperature is constant, the ion concentra- 
tion being raised to powers equal to the respective numbers of 
ions of each kind furnished by the dissociation of one molecule 
of the electrolyte. (The concentration of an ion may be 
changed by adding another electrolyte jielding an ion in com- 
mon with the solid substance, but the solubility product 
remains the same: if, say, for a binary electrolyte, the con- 
centration of one ion increases, that of the other ion decreases 
correspondingly.) Thus for an electrolyte which ionises 
into 5 >A+*; • and ions: 

A^B, ;F^pA+”* -f gB“'— 

= [A+ *•? X [B- -p 

This relationship can be derived as follows. For simplicity, 
let us consider a saturated solution of a slightly soluble binary 
electrolyte in which excess of solid is present: 

A+B“ ^ A+ -f 

(solid) (ions in solution) 

The activities of the solid and the ions in solution may be 
written as respectively. The solid is com- 

pletely ionised in dilute solution. By applying the law of mass 
action in its most general form, we have: 

Ua+ X Ob-Kb == 

The activity of the solid may be taken as unity since it is the 
pure component. Its ability to lose ions to a solution may 
depend upon the extent of its surface in contact with the 
solution, but the tendency of the ions to crystallise out also 
depends upon the nature of this same surface and hence, as far 
as equilibrium is concerned, the surface factor cancels out. 
The amount of solid present has no effect upon the equilibrium 
provided a reasonable quantity is present. The expression 
for the equilibrium constant therefore reduces to : 

^A+ X == ^1b 

where S^q is the activity product constant. Now activity = 
concentration x activity coefi&cient, hence: 

CA‘^]./a+ X [B ]./b- = ^1b 
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In very dilute solutions of the sparingly soluble salt, the 
activity coefficients are close to unity and we may then write: 

[A+] X [B-] 

It is important to note that the solubility product relation 
applies only to saturated solutions of slightly soluble electro- 
lytes and with small additions of other salts, say, provided the 
total salt concentration does not exceed 0-2-0-3 molar. In the 
presence of large concentrations of salts, the ionic concentration 
and therefore the ionic strength of the solution will increase. 
This wiU, m general, lower the activity coefficients of both ions 
(since log /< = — Section I, 11). As a consequence 

the solubility of the slightly soluble salt must increase since 



Fig. I, 15 f 1.- — Influence of Various Salts on the Solubility of TlCl 

[A+] X X /b“ must be kept constant. The effect of 

electrolytes with no common ion upon the solubility is often 
called the salt effect. The salt effect is illustrated by the 
curves shown in Figs. I, 15, 1 and I, 15, 2. In the former the 
three salts with the common ion decrease the solubility of 
TlCl somewhat less than the solubility product predicts, whilst 
the two salts with no common ion increase the solubility, the 
divalent sulphate ion exerting the greater effect. In the latter 
case excess of AgNOa decreases the solubility somewhat less 
than simple theory predicts, MgS04 and K2SO4 decrease the 
solubility only shghtly, whilst and Mg(N03)2 markedly 

increase the solub^ty with the divalent magnesium ion causing 
the greater increase. These effects, which are inexplicable on 
the basis of the classical theory of Arrhenius, can be readily 
2 
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B"ig. /, i5, 2. — Influence of Various Salts oii the Solubility of Ag 2 S 04 

understood on the basis of the influence of the various salts 
upon the activity coefiicients. It will be observed that whilst 
the influence of a salt with a common ion is to depress the 
solubility (the dotted curve indicates the solubility calculated 
from the simple solubility product relationship), this decrease 
is often greatly modified by the salt effect : indeed, with MgS04 
the salt effect nearly cancels out the common ion effect. 

The great importance of the conception of solubility product 
lies in its bearing upon precipitation from solution, which is, of 
course, one of the principal operations of qualitative analysis. 
The solubility product is the ultimate value which is attained 
by the ionic product when equilibrium has been established 
between the solid phase of a difficultly soluble salt and the 
solution. If the experimental conditions are such that the 
ionic product is different from the solubility product, then 
the system will attempt to adjust itself in such a manner that 
the ionic and solubility products are equal in value. Thus, if, 
for a given electrolyte, the product of the concentrations of 
the ions in solution is arbitrarily made to exceed the solubility 
product, as for example by the addition of a salt with a common 
ion, the adjustment of the system results in the precipitation 
of the solid salt, provided supersaturation conditions are 
excluded. If the ionic product is less than the solubility 
product or can arbitrarily be made smaller, as for example by 
complex salt formation or by the formation of weak electro- 
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lytes (see Section I, 20), then a further qutotity of the solute 
can pass into solution until the solubility product is attained, 
or if this is not possible, until all the solute has dissolved. 

The concentrations are expressed in gram moles per litre for 
the calculation of solubdity products. A few examples may 
help the student to understand the subject fully. 

Example 5. The solubility of silver chloride is 0*0015 grams per 
litre. Calculate the solubility product. 

The molecular weight of AgCl is 143*5. 

The solubility is therefore 0*0015/143*5 = 1*05 X 10~5 moles per 
litre. In a saturated solution the dissociation, AgGl ^ Ag+ + ^51“", 
is complete; 1 mole of AgCl will give 1 mole each of Ag+ and CF. 

Hence [Ag+] = 1*05 x 10"5 and [OF] = 1*05 X 10“5 
>^Agci=[Ag+] X [OF] = (1*05 X 10-5) X (1*05 X 10-5) 

= i*i X 10-^^ 

Example 6. Calculate the solubility product of silver chromate, 
given that its solubility is 2*5 X 10“2 grams per litre. 

Ag2Cr04 ^ 2Ag+ + Cr04 . 

The molecular weight of Ag2Cr04 is 332^ hence the solubility 
= 2*5 X 10-2/332 = 7*5 x 10-5 j^ole per htre. 

Now 1 mole of Ag2Cr04 gives two moles of Ag+ and 1 mole of 
CrO^ . therefore 

^Ag2Cr04 ~ [Ag+]2 X [Cr04-] 

= (2 X 7*5 X 10-5)2 X (7*5 X 10-5) 

= 1*7 X 

Example 7. The concentration of fluoride ion in a saturated 
aqueous solution of CaF2 is 0*0078 gram per litre. Calculate the 
solubility product of calcium fluoride. 

The dissociation can be written: 

CaFa Ca++ + 2F“ 

i.e. in a saturated aqueous solution the concentration of Ca++ is 
half that of F~. The fluoride ion concentration is 0*0078/19 = 
4*0 X 10-4 mole per htre, and the calcium ion concentration is 
therefore 2*0 x 10“4 mole per htre. 

= [Ca++] x [F"]2 = (2*0 X 10-4) X (4*0 X 10-4)2 

== 3-2 X 

Example 8. The solubility product of lead orthophosphate is 
1*5 X 10“32. Calculate the solubility in grams per litre. 

The dissociation is : 

Pb3(P04)2 ^ 3Pb++ + 2PO4 


If a: is the solubility in gram moles per litre, [Pb++] = 3a: and 
[PO 4 ""] = 2 *. 

-Sp.,.o,„= [Pb++]® X [por"]' 

or 1-6 X 10-32 = (3a:)3 X (2a;)2 

or X = ^13-9 X 10-35 = 1.70 X 10-7 mole per litre 

The molecular weight of Pb 3 (P 04)2 is 358, hence the solubility is 
1-70 X 10-7 X 358 = 6-1 X iO-3 grams per litre 

Example 9. Given that the solubility product of magnesium 
hydroxide is 34 X lO-ii, calculate the concentration of hydroxide 
ions in a saturated aqueous solution. 

Mg(OH)2 Mg++ + 20H- 

If 2a; is the concentration of OH" in gram molecules per litre, 
then [Mg++] =x. 

<SMg,0Hi2 = [Mg++] X [0H']2 
or 34 X 10-11 = a: X (2a:)2 

or a3 = 34 x 10-ii/4 

or x = -^8*5 X = 2*04 x lO""^ gram mole per litre 

or [OH""] = 2a: 4' 08 x 10~-^ gram mole fer litre 

In order to explain many of the reactions of qualitative 
analysis in a clear and intelligent manner, the values of the 
solubility products of the various sparingly soluble substances 
are useful. Some of the most important figures are collected 
in Table /, 15, 1 , and what appear to be most trustworthy 
values in the hterature are given. The student is referred to 
text-books on physical chemistry for a description of the 
methods for determining these quantities. Many of these 
constants are obtained by indirect means, such as measure- 
ments of electrical conductivity, of e.m.f. of cells, or from 
thermodynamic calculations using thermal data. The various 
methods, however, do not always give consistent results and 
this may be attributed to various causes, which include the 
following. In some cases the physical structure, and hence the 
solubility of the precipitate at the time of precipitation, is not 
the same as that of an old or stabilised precipitate: this may 
be due to the process known as ^-ripening’’, which is a sort of 
recrystallisation, or it may be due to a real change of crystal 
structure. Thus for nickel sulphide three forms (a, jS and y) 
have been reported with solubility products of 3 X 10“^^, 

1 X lO^^e and 2 X 10~28 respectively : another source gives one 
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value of 1*4 X 10 “ 24 . The a-form is said to be that of the 
jfreshly precipitated substance : the other forms are produced 
on standing. For cadmium sulphide a value of 1-4 x 
has been computed from thermal and other data (Latimer, 
1938), whilst direct determination leads to a solubihty product 
of 5-5 X 10-26 (Belcher, 1949). 


Table J, 15 , 1 . Solubility Pboducts at the Laboeatoby 
Tempeeatube 


Substance 

Solubility 

product 

Substance 

Solubility 

product 

AgBr 

7-7 X 10-13 

FeS 

4-0 X 10-19 

AgBrOs 

5-0 X 10-5 

HgaBra 

5-2 X 10-23 

AgCNS 

h2 X 10-12 

HgaCla 

3-5 X 10-18 

Aga 

1-6x10-10 

Hgala 

1-2 X 10-28 

Ag2C204 

5*0 X 10-12 

HggS 

1 X 10-16 

Ag 2 Cr 04 

2-4 X 10-12 

HgS 

4 X 10-54 

Agl 

0*9 X 10-15 

K2[Ptcy 

1-1 X 10-5 

AglOa 

2-0 X 10-8 

MgCOg 

1-0 X 10-5 

Ag 8 P 04 

1-8 X 10-18 

MgC204 

8-6 X 10-6 

AgaS 

1-6 X 10-« 

MgFa 

7-0 X 10-9 

AggSOi 

7-7 X 10-5 

Mg(NH 4 )P 04 

2-5 X 10-13 

A1(0H)3 

8-5 X 10-23 

Mg(OH)2 

3-4 X 10-11 

BaGOg 

8-1x10-9 

Mii(OH)2 

4-0 X 10-11 

BaC204 

1-7 X 10-7 

MnS 

1-4x10-16 

BaCr 04 

1*6 X 10-15 

Ni{OH)2 

8-7 X 10-19 

BaS 04 

9-2 X 10-11 

NiS 

1-4 X 10-21 

BiaSs 

1-6 X 10-72 

PbBra 

7-9x10-5 

CaCOg 

4-8 X 10-3 

PbQa 

2-4 X 10-1 

CaC 204 

2-6 X 10-9 

PbCOg 

3-3 X 10-11 

CaFa 

3-2 X 10-11 

PbCr 04 

1-8 X 10-11 

Ca804 

2-3 X 10-1 

PbFa 

3-7 X 10-8 

CdS 

1-4 X 10-28 

Pbla 

8-7 X 10-9 

Co(OH)2 

1-6 X 10-18 

Pb3(P04)2 

1-5 X 10-32 

Co(OH)3 

2-5 X 10-13 

PbS 

5 X 10-29 

CoS 

3 X 10-26 

PbS 04 

2-2 X 10-8 

Cr(OH)3 

2-9 X 10-29 

SrCOg 

1-6 X 10-9 

CuBr 

1-6 X 10-11 

SrC204 

5-0 X 10-8 

CuCl 

1-0 X 10-6 

SrS 04 

2-8 X 10-7 

Cul 

5-0 X 10-12 

TlCl 

1-5 X 10-1 

CuS 

1 X 10-11 

TII 

2-8 X 10-8 

CuSCN 

1-6 X 10-11 

TIaS 

1 X 10-22 

Fe(OH)2 

4-8 X 10-16 

Zn(OH )2 

1 X 10-17 

Fe(OH)8 

3-8 X 10-38 

ZnS 

1 X 10-23 
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I, 16. Applications of the Solubility Product Relation,— 
In spite of its limitations (as outlined in the previous Section) 
the solubility product relation is of great value in qualitative 
analysis, since with its aid it is possible not only to explain but 
also to predict precipitation reactions. The solubility product 
is in reality an ultimate value which is attained by the ionic 
product when equilibrium has been established between the 
solid phase of a slightly soluble salt and the solution. If con- 
ditions are such that the ionic product is different from the 
solubility product, the system will seek to adjust itself in such 
a manner that the ionic product attains the value of the solu- 
bility product; Thus if the ionic product is arbitrarily made 
greater than the solubility product, for example by the addition 
of a smaE quantity of another salt with a common ion, the 
adjustment of the system results in the precipitation of the 
solid salt. Conversely, if the ionic product is made smaller 
than the solubility product as, for instance, by diminishing the 
concentration of one of the ions (see Section I, 17), equilibrium 
in the system is attained by some of the soEd salt passing into 
solution. 

As an example of the formation of a precipitate, let us con- 
sider the case of silver chloride. The solubility product for 
silver chloride is : 

- [Ag+] X [Cr] = 1-5 X 10-10 

Let us suppose that to a solution which is 0*1 molar in silver 
ions we add enough potassium chloride to produce momentarily 
a chloride concentration of 0*01 molar. The ionic product is 
then 0*1 X 0*01 == 1 x lO-^. Since 1 X 10-3 > 1-5 X lO^io, 
equEibrium wiE not exist and precipitation wiE take place 
(Ag'^ + Cl AgCl) until the value of the ionic product has 
been reduced to that of the solubility product, i.e. until 
[Ag"^] X [Cl ] = 1*5 X 10^10 : at this point the rate of pre- 
cipitation is equal to the rate of solution of the precipitate. 
If now, with a saturated solution of sEver chloride as the initial 
solution, we add either a soluble chloride or a soluble silver 
salt in smaE quantity, a slight further precipitation of silver 
chloride takes place: if, after equilibrium has been reached, 
the concentrations of the respective ions are determined, we 
find that, although the concentration of one ion has increased 
and that of the other has decreased, the ionic or solubihty pro- 
duct is roughly constant. Some results, due to Jahn (1904), 
clearly Elustrate this point. 
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Tabls /, 16 , 1 

Effect oy Ghloeide Ions trpON the Soeubilitt Peodhct of AgCl 


iKOtl 

[Orj X 103 

[A^+3 X 108 

= [-4.9+]. [CT-]X 1010 

0*00670 

6-4 

1-75 

1-12 

0-00833 

7-9 

1-39 

1*10 

0-01114 

10-5 

1-07 

1*12 

0-01669 

15-5 

0-74 

M4 

0-03349 

30-3 

0-39 

M7 


A simple example is instructive. 

Example 10. What is the concentration of silver ion in gram 
moles per litre remaining in solution after adding sufficient HCl to a 
solution of AgNOs to make the final chloride ion concentration 
0*05 molar? The solubility product of AgCl is 1*5 x 

In the final solution 

^Agci = 1*5 X 10-10 = [Ag+] X [Cr] = [Ag+] X 0-05 
or [Ag+] = 1*5 X 10-10/0*05 = 3*0 X 10~^ gram mole per litre 

It should be pointed out that the solubility product defines a 
state of equilibrium^ but does not mention the rate at which 
equilibrium is established. Whilst the solubility product must be 
exceeded before precipitation can occur, this does not necessarily 
imply that precipitation will take place immediately. Indeed, 
in the formation of small amounts (say, up to 5 mg. in a volume 
of 10-100 ml.) of a number of insoluble salts, such as BaS 04 , 
CuS and Mg(NH 4 )P 04 , precipitation is not complete (and there- 
fore equilibrium is not attained) until after 12-48 hours. 
Hence the statement so frequently made that precipitation 
occurs when the solubility product is exceeded, must have the 
qualification that for small amounts of precipitate some time 
elapses before precipitation actually begins and then a further 
period of variable duration must elapse before precipitation is 
complete. 

Attention must also be drawn to the fact that complete pre- 
cipitation of a sparingly soluble electrolyte is impossible, because 
no matter how much the concentration of one ion is arbitrarily 
increased, the concentration of the other ion cannot be de- 
creased to zero since the S.P.* has a constant value. The con- 
centration of the ion can be reduced to a very small value: 
in Example 10 the silver ion concentration is 3*0 X 10-® x 108 

* The abbreviation S.P. will be employed for solubility product. 
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= 3*24 X g. per litre, whicK is negligible for most practical 
purposes. It may be noted that in practice it is found that, 
after a certain point, farther excess of precipitant does not 
materially increase the weight of the precipitate. Indeed, a 
large excess of precipitant may cause some of the precipitate 
to dissolve either as the result of increased salt eiffect (see 
Section I, 15) or as a result of complex ion formation with an 
ion of the precipitate (see Section I, 20). Some results of 
Forbes (1911), collected in the following Table, on the influence 
of excess of NaOl upon the solubility of AgCl illustrate this 
point. 


Table J, U , 2. Effect of NaCl upon the Solubility of AgCI 


NaOl (moles Jlitre) 

Ag (moles /litre) x 10^ 

0-933 

8-6 

1-433 

18-4 

2*272 

67-0 

3*000 

119-4 

4*170 

333-6 

5*039 

603-9 


These results show why only a slight excess of the reagent is 
added in precipitation reactions. 

Having completed a limited general discussion, we are now 
in a position to consider some direct applications to qualitative 
analysis. 

Precipitation of Sulphides. The solubility products of a num- 
ber of common sulphides are: HgS 4 x 10“^^, PbS 5 x 10“^®, 
CuS 1 X 10*“44^CdS 1-4 X 10-28 (or5*5 X 10-25), MnS 1*4 X lO-is 
and ZnS 1 X 10-23.«‘ When hydrogen sulphide is passed into a 
solution of the salts of these metals, precipitation wiU occur 
when [M++] x [S ] exceeds the solubility product (M++ is 
the ion of the metal). In the usual course of qualitative 
analysis, the concentration of the metallic ions cannot be 
varied between wide limits since one is limited, on the one 
hand, by the solubility of the salt and, on the other hand, by 
the necessity of obtaining sufficient precipitate to handle and 
to use for qualitative tests. The concentration of the solution 
is of the order 10-^ to 1 molar. The sulphide ion concentration 
can, however, be varied between wide limits. We have already 
seen that in 0*25-0*3 molar hydrochloric acid (Section I, 
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Example 2 ), tlie concentration at which Group II is usually 
precipitated, [S~] is 1*7 X 10 “ 22 ; under these conditions only 
the solubility products of HgS, PbS, CuS and CdS are exceeded, 
and these are therefore almost completely precipitated. * If the 
concentration of the acid is much higher, then [S‘ ] is reduced 
still further, and it is not difficult to see that CdS will be either 
not precipitated at all or incompletely precipitated. In a 
saturated aqueous solution of hydrogen sulphide, [S”"”] is 
l x 10 “^^, and under these conditions ZnS is partially preci- 
pitated; precipitation ceases at a certain concentration, due 
to the accumulation of hydrogen ions arising from the acid 
produced in the reaction. The increased hydrogen ion con- 
centration decreases the dissociation of the hydrogen sulphide 
until [S ] is such that [Zn'^‘+'] X [S ] is not in excess of the 
solubility product. For the complete precipitation of zinc sul- 
phide, the hydrogen ions must be removed or their concentra- 
tion considerably reduced; this can be achieved by the addition 
of sodium acetate. The latter gives rise to the feebly dis- 
sociated acetic acid (C 2 H 302 ~ + H+ H.C 2 H 3 O 2 ), the [S ] 
is maintained sufficiently high and precipitation is complete. 
Another method is to employ a soluble sulphide, e.g^. ammonium 
or sodium sulphide, which gives a high concentration of sulphide 
ions in solution; ZnS, MnS and related sidphides can then be 
completely precipitated. 

Example 1 1 . Calculate the maximum concentration of Cd"*""^ ions 
and of Mn^”*” ions which will remain in solution after precipitation 
by excess of H 2 S in 0*25Jf HCl. (Solubility products: CdS = 
5*5 X lO-sS; MnS = 14 x 10-15.) 

The sulphide ion concentration [S ] in 0-25il!f HCI saturated 
with H 2 S is 1*7 X 10-22 gram mole per htre. 

Now [Cd++] X [S~] = 5*5 X 10-25 

[Cd++] = 5-5 X 10 - 25 / 1.7 X 10-22 3.2 X 10-3 gram mole 

per litre 

— 3*2 X 10-3 X 1124 == 3*6 X 10-“^ grams per litre 

Thus H 2 S will precipitate about 96% of the Cd+’+‘ from a solution 
of 0'25i& HCl containing 10 mg. of Cd^^ per ml. 

For manganese sulphide, [Mn+t] X [S”'”] ~ 14 X 10-15; 
[m++] = 14 X 10 - 15 / 1.7 X 10-22 = 8*2 X 105 gram mole 

per litre, 

= 8*2 X 10® X 55 == A 5 x 10^ grams per litre 

This figure clearly shows that no MnS will be precipitated in 
0-25if HCl solution. 

* A detailed calculation is given at the end of this paragraph to illustrate 
this point. 

2 * 
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Precipitation of Hydroxides#-^Here also the hydroxyl ion 
concentration of the precipitating agent is controlled, and the 
method is employed to differentiate between hydroxides of 
different solubility produote. We ha¥e seen (Section I, 14, 
Example 4) that the addition of ammonium chloride to ammonia 
solution* reduces the hydroxyl ion concentration considerably. 
The resultant [OH”] is sufficient to exceed the solubility pro- 
ducts of iron, aluminium and chromium but not of cobalt, 
nickel, manganese, zinc and magnesium hydroxides; the latter 
therefore remain in solution, whilst the former are precipitated 
when ammonium chloride and ammonia solution are added to 
a solution of their salts. 

A very instructive example of the application of the solu- 
bility product principle is the precipitation and solution of 
aluminium hydroxide. The addition of hydroxyl ions in the 
form of sodium, potassium or ammonium hydroxides to a 
solution of an aluminium salt yields a white gelatinous pre- 
cipitate of aluminium hydroxide, which possesses amphoteric 
properties. It will dissolve in solutions of caustic alkalis 
forming solutions of alkali aluminates, and also in solutions of 
acids forming the aluminium salts of the acids. The dissocia*^ 
tion of aluminium hydroxide in aqueous solution may be 
expressed: 

(a) A1+++ + 30H“ ^ A1(0H)3 ^ AlOg” + H3O+ (6) 

Basic dissociation Acid dissociation 

Let us now consider what will happen when excess of a 
strong acid, i,e. ions, is added to a suspension of aluminium 
hydroxide. The acid dissociation (6) would be repressed on 
account of the common ion effect, and the basic dissociation {a) 
would be simultaneously enhanced, due to the combination of 
the ions with the OH"* ions of the solution to form un- 
dissociated water. Initially, the ionic product of water, 
[H"^] X [OH”] = 1 X 10“!^, held, but with the addition of 
excess of ions, i.e. with a large increase of [H"*"], this will 
be momentarily greatly exceeded. In order that the ionic 
product relation for water be maintained under the new experi- 
mental conditions, it will be necessary for the hydroxyl ions 
supplied by the aluminium hydroxide to combine with the 
hydrogen ions of the acid to form water. The removal of 
hydroxyl ions in this manner will necessitate the further dis- 

* The terms ammonia solution and ammonium hydroxide solution may be 
used synonymously throughout tids book and refer, of course, to the aqueous 
solution of ammonia. 
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sociation of the aluminium hydroxide according to {a) since the 
solubility product relation 

, [Al+^-+] X. EOH-]3 =^,oh )3 

(the latter is very small) must hold simultaneously. Since 
[H"^] is very large, the further dissociation and consequent 
solution of the aluminium hydroxide will continue until the 
latter is completely dissolved. 

The addition of a solution of a strong base, sodium or 
potassium hydroxide, i.e. of a large hydroxyl ion concentration, 
will similarly repress the basic dissociation {a) and increase the 
acid dissociation (6), owing to combination with the hydrogen 
ions derived from this dissociation. It is clear that in order to 
maintain the ionic product of water and the solubility product 
of aluminium hydroxide constant under the new conditions, 
more Al(OH )3 must dissociate in accordance with (6); in con- 
sequence of the high hydroxyl ion concentration this process 
will continue untU all the aluminium hydroxide has passed into 
solution. 

The precipitation of Al{OH )3 by treating its solution in strong 
alkali (thus containing AlO^”" ions) with excess of ammonium 
chloride solution and boiling, is readily interpreted. The effect 
of a large concentration of ammonium ions is to decrease the 
hydroxyl ion concentration owing to the formation of ammonia, 
a weak base; the excess of the latter is removed by boiling as 
ammonia gas. 

+ OH“ ^ NHa t + HgO 

This reduction of hydroxyl ion concentration will promote the 
reaction (a) and bring about the combination of H 30 '^ and 
A 102 ~ to produce a concentration of Al(OH )3 in excess of that 
in a saturated solution. The excess of aluminium hydroxide 
will then be precipitated. 

The above is perhaps an over-simplified picture of the 
behaviour of aluminium hydroxide as an amphoteric hydroxide. 
The acid dissociation may also be written as : 

Ai(OH )3 + 2 H 2 O ^ [AlCOHlJ- + H 3 O+ 

It will be noted that [Al(OH) 4 ]” is a hydrated form of [A102]~, 
ix. [A102.H20]“. The soluble salt Na[A102]a;H20 has been 
isolated. The formation of an aluminate can also be represented 
as: 

A1(0H)3 + OH”~ ^ [Al(0H)4r 

An alternative explanation of the amphoteric character of 



44 QmUMive Inorganic Amlysis [I, 

certam metaffio (see Section I, 20 ) has been given 

along the following lines. It will be illustrated by reference to 
aluininium hydroxide and zinc hydroxide. Some remarks 
concerning the hydrolysis of the aluminium ion will be given 
fimt. The aluminium ion is believed to be hydrated, i.e. 

(compare Section I, 42 ) and this undergoes 
hydrolysis in successive stages : 

[Al(0H2)e]+++ + HgO ^ [A1(0H2)5(0H)]++ + H3O+ 
[AI( 0 H 2 ) 6 ( 0 H)]++ + H 2 O ^ [A1(0H2)4(0H)2]+ + H 3 O+ 
[A1(0H2)4(0H)2]++H20^[A1{0H2)s(0H^^ +H3O+ 

Alummium hydroxide 

The dissolution of aluminium hydroxide in acids is me^ly a 
reversal of the hydrolysis. In basic solution, the OH” ion 
withdraws a proton from the water molecules coordinated with 
the aluminium atom and the hydrated aluminate ion [Al(OH)4]” 
is produced : 

[A 1 ( 0 H 2 ) 3 ( 0 H) 3 ] + OH~ ^ [Al(OH2)2(OH)4]- + H2O (i) 

According to this scheme the precipitation of aluminium 
hydroxide from a solution of an aluminium salt by a base may 
beexpressedas: 

[Al{0H2)a]+++ + 3NH3 ^ [A1(0H2) 

Aluminium hydroxide in water is both a proton donor (acid) : 
[A1(0H2)3(0H)3] + H2O ^ [A1(0H2)2(0H)4]- + H3O+ (ii) 
and a proton acceptor (base) : 

[A1(0H2)3{0H)3] + 3H3O+ ^ [A1(0H2)6]+++ + 3H2O (hi) 

The latter process can be expressed in three stages (as above) 
since the alummium hydroxide is a tri-acid base, but for sim- 
plicity the three steps have been combined into one equation. 
If aluminium hydroxide is treated with a strong acid, equi- 
librium (hi) is displaced to the left, the substance dissolves 
and the hydrated alummium ion is formed. Upon adding, 
say, sodium hydroxide solution to a suspension of alummium 
hydroxide, the OH” ions of the solution combine with the 
H3O+ ions thus displacing (u) to the right, and the aluminate 
ion is produced: the ultimate reaction is expressed by (i). 

The amphoteric character of zinc hydroxide, written as 
[Zn(OH2)2(OH)2], is explained similarly: 

[Zn(OH2)2(OH)2] + 2H2O ^[Zn(OH)4]“ -f 2H30+ (iv) 
[Zn(OH2)2(OH)2] + 2H3O+ ^ [Zn(OH2)4]++ + 2H2O (v) 
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The over-all reaction for the dissolution of zinc hydroxide in a 
solution of a strong base with the formation of zincate ion is 
given by the following equation: 

(vi) 

It will be noted that [Zn(OH) 4 ]“_^may be regarded as the 
hydrated zincate ion [Zn02.2H20] . The classical represen- 

tation of the amphoteric character of zinc hydroxide is : 

Zn++ + 20H~ ^ Zn(OH )2 ^ 2H+ + Zn02“ 

Coprecipitation. The discussion in the previous paragraphs 
gives the impression that precipitation is controlled by the 
solubility product principle and that the resulting precipitatps 
are chemically pure. This, however, is not always the case. 
Thus, if barium sulphate is precipitated in the presence of 
potassium nitrate or of ferric (but not ferrous) sulphate, the 
precipitate is contaminated by these salts and these otherwise 
soluble salts cannot be removed by washing with water. The 
contamination of a precipitate by a substance that is normally 
soluble under the conditions of precipitation is termed co- 
precipitation. Other examples include the dragging down of 
Ni++ or [Ni(NH 3 ) 4 ]++‘ ions with ferric hydroxide or aluminium 
hydroxide, of sodium oxalate or calcium hydroxide with 
calcium oxalate, and of zinc hydroxide with ferric hydroxide. 

If hydrogen sulphide is passed into a solution containing 
Cu++ and Zn++ ions which is 0*25-0*321!f with respect to 11+ ions, 
the solubility product of CuS is soon exceeded and it is therefore 
precipitated from solution. If the precipitate is examined 
immediately after precipitation, it is found to be largely pure. 
Upon standing, the precipitate becomes increasingly con- 
taminated with ZnS notwithstanding the fact that the solubility 
product of ZnS has not been attained under the conditions of 
the experiment. In this case the primary precipitate separates 
in a more or less pure form and a second phase of foreign 
substance, which is shghtly soluble, slowly forms subsequently. 
The entrainment of impurity after thB precipitate of the desired 
material has been formed is termed post precipitation. It is 
usually difficult to draw a sharp line of demarcation between 
coprecipitation and post precipitation, but both processes are 
clearly responsible for the invalidation of the solubility product 
principle in certain cases and therefore for errors in analytical 
separations. Examples of post precipitation include the 
following: zinc sulphide and of nickel sulphide in the presence 
of the sulphides of mercury and of bismuth, of ferrous sulphide 
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with copper sulphide, aud also of magnesium oxalate in the 
presence of calcium oxalate. 

There are many interpretations of the phenomena of co- 
precipitation and post precipitation, but these cannot be dis- 
cussed here in detad. They may be due to adsorption on the 
surface of the precipitate, to mutual precipitation of colloidal 
particles in suspension (compare Section I, 44), to occlusion 
(mechanical trapping of the mother liquor containing foreign 
ions in the precipitate), or to substitution of one ion for another 
in the crystal lattice of the precipitate. The phenomena are 
usually specific. Copreoipitation may be diminished by making 
the concentration of the coprecipitated salt as small as is 
practicable; if the precipitant itself is dragged down, it should 
be diluted and added dropwise with rapid stirring. In some 
cases {e.g, calcium oxalate in the presence of magnesium ions), 
the contaminated precipitate is separated by filtration, partially 
washed, dissolved and reprecipitated. This process is termed, 
double precipitation. The extent of contamination of the pre^ 
cipitate is a function of the concentration of the coprecipitated 
substance: the second precipitate is produced in a solution in 
which the contaminants are present in much lower concen- 
tration and thus the amount of coprecipitation is decreased 
considerably. 


1, 17. Solubility of Sparingly Soluble Salts of Weak Acids 
in Strong Mineral Acids. — ^The solubility product principle 
enables one to give a simple explanation of this phenomenon, 
which is of relatively frequent occurrence in qualitative analysis. 
Typical examples are the solubilities of barium chromate and of 
calcium oxalate in dilute mineral acids, but not in acetic acid. 
When dilute hydrochloric apid is added in excess to a suspension 
of calcium oxalate in water, the following ionic equilibria wiU 
be present in solution; 

CaC 204 ^ Ca++ + C 2 O 4 (almost complete dissociation) (i) 
H++C20^--^HC204" (ii) 

+ HC 204 "' ^ H 2 C 2 O 4 (in) 


The primary and secondary dissociation constants of oxalic 
acid are 5*9 x and 64 X 10“® respectively, i.e. 

CH+] X [HC204-]/[H2C204] = 5*9 X 10-2 (iv) 

[H+] X [0204~~]/roC204~] = 64 X 10-5 (V) 

It is evident from equation (v) that if [11+] is large, [C 2 O 4 ] 

must be correspondingly small, and will be reduced from its 
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initial value in a saturated solution of caleium okal^ by odm- 
bination with hydrogen ions to form first HO 2 O 4 '” and sub- 
sequently Equilibrium (i) will thus be disturbed; in 

order to maintain the solubility product equilibrium more cal- 
cium oxalate wil pass into solution to restore that removed 
by reactions (ii) and (iii); If suflScient mineral acid is present, 
the process will continue until the whole of the calcium oxalate 
has dissolved. 

When acetic acid is added, no reaction occurs^ The ionisa- 
tion constant of acetic acid, 

[H+] X [CaHsOri/CH.OgHsOg], is 1-82 X lO-s, 

and the hydrogen ion concentration thereby introduced is not 
sufficiently great to influence the oxalate ion concentration in 
equation (v). 

Similarly with barium chromate, the addition of a large 
excess of mineral acid reduces the chromate ion concentration 
by the reaction: 

20^04“ + 2H+ ^ 2HCr04~ ^ Cr207“ + H2O, 

and consequently the substance passes into solution. (All di- 
chromates are soluble in water.) Acetic acid, on the other 
hand, introduces only a very small hydrogen ion concentration 
and therefore has little effect. Eor this reason, the barium 
carbonate precipitate in Group IV is dissolved in dilute acetic 
acid, not in hydrochloric acid, before the addition of potassium 
chromate solution. 

1, 18. Fractional Precipitation.— -The calculation as to which 
of two sparingly soluble salts will be precipitated under a given 
set of experimental conditions may be made with the aid of the 
solubility product principle. An example of great practical 
importance is the Mohr method for the estimation of halides. 
In this process a solution of a chloridOj ie. Cl~, is titrated with 
silver nitrate solution, i.e. Ag+, a small quantity of potassium 
chromate (Cr 04 ) being added to serve as an indicator. Here 

two sparingly soluble salts may be formed, viz, silver chloride 
and silver chromate, the solubility products of which are 
1*5 X 10“^^ and 2*4 X 10“^^ respectively. 

The following relations must be satisfied for equilibrium 
between the two precipitates and their solutions : 

[Ag+] X [cr] = 1-5 X 10-10 
[Ag+J2 X [Cr04"”] - 24 x;i0-i2 


(i) 

(ii) 



From (i) and p), ^ 

P-P ^ {h5 X 10-10)2 _ 1 r n 

[CrQ^—] ■” 24 X 10-12 l-l X lOs 

SEv^er ciiromate will therefore not precipitate until its con- 
centration, or more correctly the chromate ion concentration, 
is in excess of that given by this equation. It is evident that 
if the initial solution contains chloride and a chromate in equi- 
valent proportions, and one adds a solution of silver nitrate 
dropwise, silver chloride will be precipitated until [Cr04^“’] is 
in excess of the ratio given in equation (iii); henceforth silver 
chromate will be precipitated wdth traces of silver chloride, the 
equilibrium ratio in (iii) being maintained in the supernatant 
liquid. In actual practice, the chloride ion concentration is 
usually approximately 0*1 molar, the silver nitrate solution 
about 0*1 molar and the chromate ion concentration about 
2 X 10-3 molar (2 ml. of 0*1 molar potassium chromate solution 
per 100 ml. of solution). It is clear, therefore, that precipita- 
tion of silver chloride is almost complete before reaction occurs 
between the excess of sEver ions and chromate ions to give the 
red sEver chromate. 

The foEowing detailed calculations may prove instructive. 

Example 12. A solution contains 0*1 gram mole Cl“ and 0*002 
gram mole Cr04 per litre. Deci-molar silver nitrate solution is 
added gradually to this solution. Calculate: (i) whether AgCl or 
Ag2Cr04 win be precipitated first, (ii) the concentration of chloride 
ion in solution when the Ag2Cr04 begins to precipitate, and (ui) the 
fraction of the orginal chloride ion concentration remaining in 
solution when Ag2Cr04 commences to precipitate. 

(i) = 1-5 X 10-10 ^ [Ag+] X [CP] 

- [Ag+] X 0*1 

or [Ag+] = 1*5 X 10-10/0*1 ==: 1*5 x lO-o gram mole per litre 
^Ag,cr 04 - 24 X 10-12 == |;Ag+]2 X 0*002 
or [Ag+] = a/2*4 X 10-12/0*002 = 3^5 x 10^^ gram mole per litre 

A smaller concentration of Ag+ is required to precipitate AgCl and 
hence it will precipitate first. 

(ii) The Ag+ concentration necessary to precipitate the Ag2Cr04 
is 3*5 X 10-5 gram mole per litre. The chloride ion concentration 
will then be : 

[CP] = 1*5 X 10-io/[Ag+] = 1*5 X 10-10/3*5 X 10-5 
= 4*3 X gram mole per litre 
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(Hi) The initial Gl” concent is 0-1 gram mole per litre, hence 
[CF] when AggCrO^ precipitates is 4*3 X = 4*3 x 10"^ = 

0 0043 per cent of original chloride ion concentration* 

Another example of some practical interest is the precipita- 
tion of a solution containing Sr++ ions and Ba++ ions by SO4”"’ 
ions. Which will be precipitated fe 

Thesolubilityproductsaregivenby: 

[Sr++] X [804--] = 2-8 X 10-7 

[Ba++] X [SO4— ] = 9-2 X 10-11 
These two expressions and also the relation : 

[Sr++] 2-8 X 10-7 _3000 

[Ba++] “^9*2 X lO-ii 1 

must be satisfied for equilibrium between the two precipitates. 
It follows therefore : 

(а) if [Sr+'^] > 3000 [Ba++], and 804"’” is added, SrS04 will 
be precipitated until [Sr+^'] == 3000 [Ba++] ; 

(б) if [8r++] < 3000 [Ba"*"^], and SO4 is added, BaS04 
will be precipitated until [Sr‘^+] = 3000 [Ba++]. 

Further addition of SO4 in either (a) or (6) will result in 
the precipitation of a mixture of SrS04 and BaS04 in fli^ 
of 3000 to 1, the equilibrium ratio (vi) in the supernatant liquid 
being maintained. 

The student should carry out a similar calculation for SrS04 
and CaS04 (solubility product === 2*3 X 10-'^) : this has an 
important bearing upon the separation of Group IV metals 
(see 8ections HI, 32, and VII, 15). 

As previously pointed out, the values of many solubility 
products are not known with any great accuracy: for this 
reason considerable caution must be exercised in predicting 
whether or not a given ion can be separated from one or more 
ions on the basis of solubility product equations, particularly 
when there is some doubt as to the exact magnitude of the 
solubility products. 

I, 19, Preparation of Solutions. — -In order to prepare a 
‘‘solution ” of a substance sparingly soluble in water, the process 
of precipitation must be reversed, i,e. the action of the reagent 
must be such as to reduce the concentration of one or both of 
the ions of the slightly soluble substance. The concentration 
of an ion can be reduced by one of the following methods: 
(a) the formation of a weak electrolyte or of undissociated 


(iv) 

(V) 

(vi) 
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molecules; (6) tlie formation of a complex ion; (e) by douMe 
decomposition; and {A) by oxidation or reduction. 

The first method is applicable to electrolytes which are 
derivatives of weak acids (or bases), such as barium sulphite, 
calcium phosphate, calcium carbonate and ferrous sulphide. 
If any of these substances is treated with dUute hydrochloric 
acid, solution occurs because of the formation of the weak 
acids HgSOg, 5^2^04“, H2CO3 and HgS. These weak electro- 
lytes can exist in equilibrium with only a very small concentra- 
tion of their ions, and the anion concentration is diminished 
still further by the presence of hydrogen ions from the com- 
pletely dissociated hydrochloric acid. The ionic concentration 
is thus reduced to so low a value that the solubiKty product is 
never exceeded, and the substance passes into solution in an 
attempt to restore the solubility product equilibrium. Let us 
consider a particular case in detail— the solution of ferrous 
sulphide in dilute hydrochloric acid. The ionic equilibria 
involved will be : 

FeS Fe++ -j- S (solubility product = 4*0 X 10“^®) (i) 

HC1^H++Cr (ii) 

2H+ + 8“““ ^ HgS (or H+ + S'-* ^ HS- + H+ ^ HgS) (iii) 
and Fe++ + 2Cr ^ FeClg (iv) 

The hydrochloric acid is completely dissociated; the concentra- 
tion of HCl must therefore be regarded as infinitesimally small. 
Combination between the from the acid and the S gives 
the weakly ionised and slightly soluble gas H2S; that in excess 
of the solubility of the latter will be evolved as the free gas. 
The sulphide ion concentration is thus reduced, the equilibrium 
(i), controlled by 

[Fe++] X [S"*'’] ==4-0 X 10-19, 

is disturbed. More ferrous sulphide must therefore pass into 
solution to restore the reduced sulphide ion concentration, but 
since the latter is being continually removed by the high 
hydrogen ion concentration, the ultimate result will be, if the 
acid concentration is suflSciently great, that all the ferrous 
sulphide will pass into solution. 

The solubility of lead sulphate in saturated ammonium 
acetate solution is due to the formation of the feebly ionised 
lead acetate — a weak electrolyte (compare Section I, 17) : 

PbS04 + 2C2H302“ = Pb(C2H302)2 + 

Furthermore, manganous, zinc and magnesium hydroxides 
dissolve in ammonium chloride solution owing to the formation 
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of the weak base, ammonia. The presence of a high concen- 
tration of anainoninin ions reduces the hydroxyl ion concentra- 
tion to so low a value that the solubility products of the aboYO 
hydroxides cannot be attained (compare Example 4 in Section 
I, 14) and they consequently pass into solution. 

Numerous examples are available to illustrate method (6), 
but only two will be mentioned now as the subject is treated 
fully in Section I, 20. Silver chloride is soluble in ammonia 
solution, due to the formation of the complex ion [Ag(NH 3 ) 2 ]'^ ; 
this yields so small a silver ion concentration, particularly in 
the presence of excess of ammonia solution, that the solubility 
product of silver chloride is not attained. In a similar manner 
silver cyanide dissolves in potassium cyanide solution, the 
complex ion [Ag(CN) 2 ]” being formed. 

In method (c), the product of the reaction is either another 
insoluble substance or a substance which can be removed from 
the system by virtue of some such property as ease of decom^ 
position or volatility. This procedure is exemplified when an 
insoluble salt is heated with a large excess of a saturated 
solution of sodium carbonate. Partial decomposition ensues 
with the formation of the insoluble carbonate of the cation 
and a solution containing the anion, together with the excess 
of carbonate ions. After filtration, the residue may be dis- 
solved in dilute hydrochloric acid, and a solution, containing 
the cations, obtained. A specific example is the preparation 
of a solution of barium sulphate ; the initial aqueous extract 
contains the sulphate ions, and the hydrochloric acid extract 
the barium ions. 

Process {d) may be illustrated by the dissolution of cupric 
sulphide in nitric acid. The sulphide ion S is oxidised to 
fi:ee sulphur S®, the sulphide ion concentration is thereby 
reduced below the solubility product of CuS and hence the 
latter passes into solution. 

I, 20. Complex Ions. — Reference was made in the previous 
section to the increase of solubility produced by the formation 
of complex ions. A complex ion is formed by the union of a 
simple ion with either other ions of opposite charge or with 
neutral molecules. Let us now examine a few examples in 
some detail. 

When potassium cyanide solution is added to a solution of 
silver nitrate, a white precipitate of silver cyanide is formed 
because the solubility product of silver cyanide, 

/ [Ag+] X m 
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is exceeded. The reaction is expressed : 

: K++CN“ + +N 03 *“ = AgCN + K+ +N 03 ~^^ 

or asr”' + Ag-^ = AgCN 

This precipitate dissolves upon the addition of excess of potas- 
sium cyanide, the complex ion [Ag(ClSr) 2 ] being produced: 

AgCN ^ Ag+ + + CN" ^ [Ag(CN)2r 

solid 

(or AgCN + KCN = K[Ag(CN) 2 ]-“a soluble complex salt) 

This complex ion dissociates to give silver ions, since the 
addition of sulphide ions yields a precipitate of silver sulphide 
(solubility product 1-6 X 10“^^), and also silver is deposited 
from the complex cyanide solution upon electrolysis. The 
complex ion thus dissociates in accordance with the equation: 

[Ag(CN)2r^Ag+ + 2CN- (ii) 

By applying the law of mass action to (ii), one obtains the dis- 
sociation constant or instability constant of the complex ion: 


[Ag+] X [CN -]2 _ 

[{Ag(CN)2n 


(iii) 


The constant has a value of hO X at the ordinary tem- 
perature. By inspection of this expression, and bearing in 
mind that an excess of cyanide ions is present, it should be 
evident that the silver ion concentration must be very small, 
so small, in fact, that the solubility product of silver cyanide 
is not exceeded. 

The process of solution of the silver cyanide in the potassium 
cyanide solution may be pictured as follows. Equations (i) 
and (iii) control the silver ion concentrations in AgCN and the 
complex [Ag(CN) 2 ]~ respectively, the former being very much 
greater than the latter. The concentration of silver ions 
derived from the saturated solution of AgCN is much greater 
than that permitted by equilibrium (ii) ; accordingly, the excess 
of silver ions combine with cyanide ions to form the complex 
[Ag(CN) 2 ] . This will result in the lowering of the ionic 
product of AgCN, and more of the latter wUl pass into solution 
in order to supply the silver ions removed in the formation of 
the slightly dissociated complex ion. This process will continue 
either until all the AgCN has dissolved or until practically the 

* It is usual to employ square brackets to include the whole of a complex 
ion. In order to avoid confusion with concentrations for which square 
brackets are also widely used, concentrations will be expressed in heavy type 
and complex ions either in lighter type or between braces. 
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whole of tlie ON” has reacted to form [Ag(CN)2]~. It must be 
remembered that the complex salt formed, K[Ag(CN)2] is very 
soluble in water, and its solubility product is therefore never 
exceeded under the ordinary experimental conditions. This 
mechanism, viz. the formation of a feebly dissociated complex 
ion from one of the ions of a completely dissociated, sparingly 
soluble salt and another ion or neutral molecule is the basis of 
all the reactions of the type that are being considered. 

Let us consider now the solubility of silver chloride in 
ammonia solution. The reactions are : 

Ag++a-^AgCI; 

Agci ^ Ag+ + cr+ 2NH3 ^ [Ag(NH3)2]+ + cr, 

solid 

(or Aga + 2NHs ^ [Ag(NH 3 ) 2 ]Cl) 


Here again, for reasons similar to those already given, silver 
ions are present in solution. The dissociation of the complex 
ionisrepresentedby: 

[Ag(NH3)2]+^Ag+ + 2NH3 (iv) 

and the instability constant is given by: 

6.8x10-8 (V) 

[{Ag(]ms)2}+] ^ 08 X 10 (V) 


The magnitude of the instability constant clearly shows that 
only a very small silver ion concentration is produced by the 
dissociation of the complex ion. It is clear from the expression 
for the instability constant that the concentration of which 
can exist in equilibrium with NH3 is inversely proportional to 
the square of the concentration of ammonia. The greater the 
concentration of the latter, the smaller will be the concentration 
of silver ion. The concentration of Ag"*" available from AgCl 
is controlled by the solubility product relation : 

«Agci==[Ag+] X [cn (Vi) 


This [Ag"^] is very much greater than can exist in equilibrium 
with NH3, hence the Ag+ combines with the NH3 to form some 
[Ag(lsrH3)2]'^. The resulting lowering of [Ag+] will cause the 
ionic product [Ag+] X [CF] to fall below the solubility product 
of AgCl and more AgCl must dissolve. This process will con- 
tinue until all the AgCl is dissolved or until practically all the 
NHg has been converted into the complex ion. Summarising, 
we may say that AgCl dissolves in NH3 because [Ag+] con- 
trolled by the S^goj relationship is greater than that from the 
instability constant expression (v). 
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Silver bromide is less soluble in water than silver chloride 
and thus gives a smaller [Ag"*"] : for this reason AgBr dissolves 
only slightly in dilute ammonia solution but to a larger extent 
in concentrated ammonia. The [Ag+] in a saturated aqueous 
solution of AgBr is only slightly larger than the [Ag"^] in (iv) 
and consequently only a little will dissolve. With concentrated 
ammonia solution, the value of [Ag^"] in (iv) is so much reduced 
that it is considerably lower than [Ag+] derived from AgBr 
hende more AgBr passes into solution. Silver iodide is much 
less soluble in water than silver bromide and hence it does not 
dissolve appreciably even in concentrated ammonia solution. 
The following experimental facts now have a reasonable 
theoretical explanation : 

1. Upon adding KBr to a dilute aminoniacal solution of 
AgCl, AgBr is precipitated. 

2, Upon ad<hng IQ to an ammoniacal solution of AgCl or of 
AgBr, Agl is precipitated. 

Another famihar example is the solution of ferrous cyanide 
in potassium cyanide solution to yield potassium ferrocyanide 
or the ferrocyanide ion: 

Fe(CN)2 ^ Fe++ + 2CN^ + 4CN‘ ^ [Ie(CN)6] 

solid 

(or Ee(CN )2 + 4KCN ^ K 4 [Fe(CN) 6 ]) 

The farther dissociation of the ferrocyanide ion: 

[Fe(CN)e] + 6CN", 


is so small that no method at present known can detect either 
the simple ferrous ion or the cyanide ion in solution: the com^ 
plex ion is an extremely stable one. 

Other cyanide complex ions include the following : 
[Fe(CN)e]3-, [Co(GN)e]3-, [Hg(CN)4]2-, [Cu(0N)4?”, 

[Cd(C]Sr) 4]2 , [Ni(CN) 4]2 and [Zn(CN) 4 ] 2 ~‘. The cuprous and 
cadmium complexes are of especial interest since they are 
utilised in one method for the separation of Cu+'^ and Cd'^'^. 
A solution containing these ions is treated with excess of 
ammonia solution and then with potassium cyanide solution 
until the blue colour of the solution is just discharged (see 
Section VII, 11). The resulting solution contains the com- 
pletely ionised salts K 3 [Cu(CN) 4 ] (derived from cuprous copper) 
and K 2 [Cd(CN) 4 ]. The instability constants of [Cu(ON)4]3-“ 
and [Cd(CN)4]2"“ are 5*0 X and 1*4 x 10'”^'^ respectively, 
i.e. the former is much more stable than the latter and the[Gu-^] 
furnished by it is extremely small. When hydrogen sulphide 
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is passed into thie solution CdS is precipitated (solubility pro- 
duct 1*4 X 10“28) but no copper sulphide (solubility products, 
CU2S 2 X 10”^'^, CuS 1*0 X 10-^^) in spite of the fact that the 
solubility product is much smaller. 

Some reference should be made to the so-called hydroxide 
complex ions. When sodium hydroxide solution is added in 
small quantities to a solution containing Zn"^"^, a white pre- 
cipitate of zinc hydroxide is formed: this dissolves in excess of 
the reagent. A complex salt, sodium zineate ]Sra2[Zn02]2H20 
or Na2[Zn(OH)4], is formed. The reaction is perhaps best 
represented as: 

Zn(OH )2 + 20H'~ ^ [Zn(OH) 4 r” (see Section I, 16); 

the formation of this complex ion reduces the Zn"^"^ concentra- 
tion with the result that the ionic product [Zn++] X [OH“"]2 is 
less than the solubility product and the zinc hydroxide dissolves. 
The complex Na2[Cd(OH)4] is formed with difficulty and 
requires the use of very strong alkali, A solution containing 
aluminium ions behaves similarly to zinc towards sodium 
hydroxide solution, the initial precipitate of aluminium hydrox- 
ide dissolving in an excess of alkali to form an aluminate of 
the type NaLAlOgj^rHaO or Na[Al(OH)4]: 

A1(0H)3 -f OH” ^ [A1(0H)4]” (see also Section I, 16) 

Chromic hydroxide also behaves similarly and the complex ion 
may be written (by analogy) as [Cr(OH)4]'’. Stannous salts 
give initially a precipitate of stannous hydroxide, which dis- 
solves in excess of alkali to form sodium stannite, variously 
formulated as Na2[Sn02]aq. or Na[SnO . OH]aq. The reaction 
may be written: 

Sn(OH )2 + OH” ^ [Sn(OH) 3 ]“ 

Stannic salts yield ultimately Na2[Sn03]3H20 or Na2[Sn(OH)3], 
i.e. ■ ■ ■ ■ 

Sn(OH)4 + 20H” ^ [Sn(OH)6]”” 

There is some evidence for the existence of the plumbite 
[Pb(OH)3]” and plumbate [Pb(OH)e] ions. All the above 
hydroxides are amphoteric. 

The oxalate ion forms a fairly stable complex with the ferric 
ion: 


3C2O4”” -f Fe+++ ^ [Pe(C204)3] 


The [Ee++'^] can be reduced (by the addition of sufficient 
C2O4 ) to so low a value that the solution does not give the 
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red colour of the feixWMocyanate ion [Fe(SCN)]'^+ with a 
soluble thiocyanate; it does, however, yield a precipitate of 
ferric hydroxide when treated with sodium hydroxide solu_- 
tion.^^ adding a strong acid the slightly ionised HC2O4 

is formed, leading to the ionisation of the complex ferri-oxalate 
ion to such an extent that Fe+++ can be detected with potassium 
ferrocyanide or with potassium thiocyanate. 

Certain non-volatile organic compounds containing hydroxyl 
(OH) groups, such as tartrates, citrates, sugars and glycerol, 
form complex ions with various metals (Cu+'^, Al'^‘^+, 

Gr++’^, etc.). In these the metal replaces the hydrogen in the 
hydroxyl group. Thus in an alkaline solution of a tartrate, 
the complex ion with Cu''""’' may be formulated thus: 


COO" 

COO" 

1 

COO" 

HC-OH 

H^O" 

1 

„ , . HC-Ov 
^ 1 \cu 

HC-O/ 

1 

+ 20H" 2 H 2 O + 

1 

HO-OH 

I 

HC-0" 

1 

GOO" 

COO" 

coo~ 

Tartrate ion 


Complex cupri- 
tartrate ion 


These complex ions are very stable and yield such low con- 
centrations of the simple metal ions that they often fail to 
respond to the simple tests of qualitative analysis. It is for 
this reason that involatile organic matter is destroyed before 
proceeding with the systematic detection of the metals. 

Complex ions are formed by 0 u++, Cd++, Ni’^+, Co+++ and 
Zn+‘^withNB[3molecules, ^ ^ ^ 

Co+++ + 6NH3 ^ [Co(NH3)e]+++ 

Zn++ + 4NH3 ^ [Zn(]SrH3)4]++ 

Many halide complex ions are known. These include 
[HgClJJ, [SnCy“^ [SbCler“, [FeFe]”““, [AlFg]"-, 
[AUCI4] and [PtClg] . These, and many others of different 
types, will be referred to in connexion with the reactions of 
the metallic ions. 

The stability of complex ions varies within very wide limits. 
It is quantitatively expr&sed by means of the dissociation or 
instability constant. The more stable the complex, the smaller 
is the instability constant. When the complex ion is very 
stable, the common ionic reactions of the components are not 
shown. A few selected values of these constants at the 
ordinary temperature, determined by methods involving 
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potentiometric titration, are collected in Table J, 20, 1 • this is 
instractive and also useful for reference purposes. 


Table J, 20 ^ 1. Instability Constants oe Complex Ions 


[Ag(NH,)2r ^ Ag+ + 2NH3 

6*8 X 10-8 

[Ag(S 303 ) 2 ]"“"?^ Ag+ +2S3O3- 

1-0 X 10->» 

[Ag(GN)3r ^Ag+ +2GN- 

1-0 X 10-21 

[Gu(GN)J“'“ Gu+ + 4 GN“ 

3-0 X 10-28 

[Gu{NH3)i]++ ^ Gu++ + 4NH3 

4*6 X 10-14 

[Gd(NH3)4]++ ^ Gd++ + 4NH3 

2-5 X 10-’ 

[Gd(GN)J— ^ Gd++ + 4 GN“ 

1-4 X 10-1’ 

[Cdlif* ?iGd++ + 41 “ 

5 X 10-’ 

[EgGliF' v^Hg++ +4Gr 

6-0 X 10-1’ 

[HglJ- + 41 “ 

5-0 X 10-21 

[Hg(G]Sr)4r“ ^Hg++ + 4 GN- 

4-0 X 10-12 

[Hg(SGN)4]"“ ^ Hg++ + 4SGIsr 

1-0 X 10-22 

[Go(NH3),]+++ Go+++ + 6NH3 

2-2 X 10-21 

[Go(NH3)3r+ ^Go++ +6NH3 

1-3 X 10-2 

[laF +I2 

1-4 X 10-2 

[Fe(SGN)]++ ^ Fe+++ + SGN“ 

3-3 X 10-2 

[Zn(NH3)4]+-" Zn++ + 4NHa 

2'6 X 10-12 

[Zn(GN)4]““ ^ Zn++ + 4 GN“ 

2 X 10-1’ 


Some examples of calculations involving complex ions should 
assist the student in thoroughly understanding the subject. 

Example 13. Aqueous ammonia solution is added to a precipi- 
tate of silver chloride until its final concentration at equilibrium is 
3 molar. Calculate the weight of Agd per litre which will be 
dissolved. (This is equivalent to calculating the solubility of AgCl 
in 3Jf NHg.) 

The reaction is AgCl + 2 NH 3 = [Ag(ME 8 ) 2 ]'^ + GP ; the in- 
stability constant of the complex ion is 6-8 x lO-^; is 

1-5 X Two equilibria are involved in the process of solution, 

viz. 

AgCl (solid) Ag+ 4 " GP, and 
[Ag(NH3)2]+^Ag+ + 2NH3 

At equilibrium the [Ag+] must be the same for both provided solid 
AgCl and also [Ag(NH 3 ) 2 ]"^ ions are present. 

For each mole of AgCl dissolved, 1 mole of [Ag(NH 3 ) 2 ]'^ and 1 
mole of CP are formed. The small value of the instability constant 
of the [Ag(NH 3 ) 2 ]+ ion mdicates that the amount of dissociation of 
the complex ion is small and consequently no appreciable error will 
be introduced by assuming that [Ag(NH 3 ) 2 ]'^ == j-qj-j ^ where 
X is expressed in mole per litre. The value of [Ag+] at equilibrium 
can be obtained from : 

^Agci = [Ag+] X [CP] = P5 X 10-10 
[Ag+] = 1-5 X 10 -io/a; 





Substituting the approximate values in the instability constant 
equation 

[Ag-^] x jNHaP 
{1-5 X lO-io/a;) X 32 


: 6-8 X 10-8 


we have 


: 6-8 X 10-8 


whence x == 13*5 X 10-io/6*8 X 10-8 = 0-126 mole per litre 
= 0-126 X 143-3 = 18-0 gram AgGl per litre 
The molecular weight of AgCl is 143*3. 

Example 14. Calculate the silver ion concentration in 0-1 molar 
[Ag(NH 3 ) 2 ]‘*" solution in which (a) excess of NH 3 is absent and 
{b} the NH 3 concentration is 3 molar. 

(a) The dissociation of the complex ion is: 

[Ag(NH3)2]-^^Ag+ + 2mi3 

Let [Ag+] = Xj and hence [NH 3 ] = 2x. Since the dissociation of 
the complex ion is small, we may assume [Ag(NH 3 ) 2 ]’^ == 0*1. By 
substituting these values in the instability constant equation, we 
have: 

a: X (2a:)2/0-l = 6-8 X 10-8 

or a; = X 10-8/4 == 1-9 X mole Ag^ per litre 

(b) It is evident from the instability constant equation that 
JAg+] will be inversely proportional to iNH 3]2 and therefore as 
[NH 3 ] is increased [Ag+] will be considerably decreased. By sub- 
stituting the new values for the various constants, we obtain : 

xx(2x + 3)2/0-l = a; X 32/0-1 = 6-8 X 10-8 (sijice 3^x) 
or x = 6*8 X 10-8/9 = 7*7 X mole Ag^ per litre 


Example 15. A 0-1 molar solution of [Cu(NH 3 ) 4 ]++ is stirred 
with an excess of potassium cyanide sufficient to convert all the 
ammonia complex to the corresponding cuprocyanide complex 
[ 0 u(CN) 4 ] and in addition to provide the solution with an 
excess of CN“" equal to 0*2 molar. Show by calculation that when 
the final solution is treated with hydrogen sulphide, no precipitation 
of cuprous sulphide will occur. 

For this calculation, let us assume that the sulphide ion con- 
centration of the solution saturated wdth hydrogen sulphide is 
0*001 mole per litre.* 8^^^ is 2*0 x 10-^^^ The instability con- 


A saturated solution of H^S in water is about O-lil^.* this may be regarded 
as acting like O-likf KgS in the alkaline solution. The O-lM KgS is largely 
hydrolysed (see Example 22 in Seetioii I, 41) and gives a [S — J of ca. O-OOIM. 
The final conclusion regarding precipitation is unaffected even if the sulphide 
ion concentration is taken as 0-lJfef. 
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stant of the ciiprocyamde ion is 6-0 x 10~28^ The cnprocyaiiide 
complex ion dissociates thus: 

A O’ilf [Cu(NH 3)4]++ solution will yield 0*lif [Cu{CN)4]""*"“. If x 
is the concentration of cuprous ions in moles per litre, we may 
substitute in the equilibrium equation with [0N“] = 0*2: 


or 

Now 


[Cu+] X [CN-]4 


5-0 X 10-28 : 


a; X (0*2)4 


[Cu(CN)4]”“^- 0*1 

a; == 3*1 X 10-26 mole per litre = [Cu+] 




CU2S ' 


[Cu+]2 X [S~J = 2*0 X 10-47 


The ionic product is (3*1 x 10“26)2 x (1 x 10-2) = 9*6 X 10“^: 
this value is less than the solubility product of CU2S and hence the 
latter is not precipitated. 


CHEMICAL EQUATIONS 

The two fundamental laws of chemistry, the law of definite 
proportions and the law of conservation of mass, find their 
chief expression in practice in the form of chemical formulae 
and balanced equations. It is therefore of great importance 
that the student should be familiar with the methods of writing 
formulae and balancing equations. If the atomic weights are 
known, the percentage composition of a compound can be 
calculated from its chemical formula; the ratio of the weights 
in which substances interact and the relative weights of the 
products can likewise be computed from the chemical equation 
representing the reaction. These quantities find considerable 
application in the calculations of both qualitative and quanti- 
tative analysis. 

I, 21* Chemical Formulae, — ^The important principle to be 
borne in mind when writing the more common chemical 
formulae is that the elements or radicals must be combined in 
equivalent proportions. Thus univalent elements or radicals 
combine (i) with other univalent elements or radicals in the 
ratio of 1 : 1 , e,g. NaCl, NH 4 .C 2 H 3 O 2 ; (ii) with bivalent atoms 
or radicals in the ratio of 2 : 1 , e.g. Na 2 S 04 , CaCl 2 , (NH 4 ) 2 C 204 ; 
(hi) with tervalent elements or radicals in the ratio of 3 : 1, 
e,g, FeCl 3 , H 3 PO 4 ; and (iv) with tetravalent elements or radicals 
in the ratio of 4 ; 1, e.g. SnCli, ]Pb(C 2 H 302 ) 4 . Bivalent 
elements or radicals combine with oth©r bivalent elements or 
radicals in the ratio of 1 ; 1 , e.g, M^ 04 , 0 ^ 0264 ; with tervalent 
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radicals in the ratio of 3 : 2 , Ca3(P04)2, Al2(S04)3, etc. 

These facts are sometimes expressed in the form of the following 
rule, which is applicable to normal salts : divide the least com- 
mon multiple of the valencies of the two ions by the valency 
of each ion, and use the resulting figures as subscripts to 
denote the ratio in which the two ions are combined in the salt . 
A subscript of 1 need not be inserted. Thus in ferric sulphate, 
the ferric ion has a valency of 3 and the sulphate ion a 
valency of 2. The least common multiple is 6 and the formula 
is therefore Fe2{S04)3. 

This rule implies a previous knowledge of the valencies of 
the ions or radicals, and applies only to those salts which 
contain one kind of positive ion in combination with one kind 
of negative ion. When applied to more complex compounds, 
such as acid salts, basic salts and double salts, the rule must 
be interpreted in the form that the sum of the valencies of the 
positive radicals (valency multiplied by the subscript for each 
radical) must equal the sum of the valencies of the negative 
radicals. Thus in basic lead acetate, Pb(C2H302)2» Pb(OH)2 
or Pb2(C2H302)2(OH)2, the total valency of the lead ions is 4 
and the total valency of the acetate and hydroxyl radicals is 
also 4 . In iron alum, (^114)2804, ^02(804)3 or (NH4)re(S04)2, 
the positive and negative valencies are both either 8 or 4 . 

I, 22 , Chemical Equations,— To construct a chemical equa- 
tion one must know the formulae of the reactants and of the 
products of the reaction ; the skeleton equation can then be 
written down. In order to balance the equation, the same 
principle as was employed in deducing the formulae of normal 
salts is utilised, that is, reagents interact with each other in 
equivalent proportions. If the latter are known, the com- 
pletion of the equation is a simple matter. The difficulty, 
however, is in determining the number of equivalents repre- 
sented by the molecular formulae of the reactants. Methods 
for determining these are described below. 

It is convenient to divide equations into two groups {A) 
those not involving oxidation-reduction and [B) those that 
do involve oxidation-reduction {vide infra for definition of 
oxidation and reduction) . 

{A ) Equations not involving oxidation -reduction . — ^The most 
common reaction of this class is that involving double decom- 
position or metathesis, e,g, the precipitation of barium sulphate 
by the action of barium chloride solution upon sulphuric acid, 
or the neutralisation of nitrib acid with potassium hydroxide 
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solution. TJae following procedure will be found applicable to 
most of the examples commonly encountered: 

(i) Write down the formulae of the reactants and products 
in the form of a skeleton equation. 

(ii) Examine the formula of the main product (or of any 
product more complex than the rest) to determine the reactants 
from which its constituents are derived. 

(hi) Utilise the coefficients for the corresponding reagents 
that will supply these components in the correct ratio. 

(iv) If one of the reactants supplies components for a second 
product, deduce the amount required for this, and add that 
amount to the coefficient required in (hi). 

(v) Complete the equation by inspection. 

As an example we may consider the balancing of the 
equations: 

(a) K 4 [Fe(CN)e] + EeCls (excess) ; 

(b) HgCl 2 +1^1 (excess) 

In (a) the products are ferric ferrocyanide Ee 4 [Fe(CN) 6]3 and 
KOI. The incomplete equation is: 

FeCls + K 4 [Fe(CN) 6 ] = Fe 4 [Fe(CN) 6]3 + KCl 
The formula Fe 4 [Fe(CN) 6]3 requires three [Fe(CN)6]*~ and 
four Fe‘^'''+ ions, hence at least three molecules of K 4 [Fe(CN) 6 ] 
and four molecules of FeCls required for this alone. The 
components of the second product KCl are' supplied by the two 
reactants, and inspection shows that the equation is balanced 
by using these coefficients alone: 

4FeCl3 + 3K4[Fe(CN)e] == Fe4[Fe(CN)6]3 + 12KC1 
In (b) the products are the complex salt K 2 [Hgl 4 ] and KCl, 
or HgClg + KI = K 2 [Hgl 4 ] + KCl (incomplete) 

The formula K 2 [Hgl 4 ] requires four atoms of iodine to one 
of mercury, and the formula KCl one atom of potassium to one 
of chlorine. The equation when written as 

HgClg + 4KI = K2[Hgl4] + 2KC1 
is balanced. If this were not the case, further adjustment of 
the coefficients would be necessary, 

(B) Equations involving oxidation-reduction. — ^These are 
considered in Sections I, 24 and I, 25. 

I, 23. Discussion of Oxidation-Reduction. — ^The simplest 
and oldest conception of oxidation involves the taking up of 
oxygen by an element or compound, as in the conversion of 
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CugO into CuO or of PeO into FegOs. Oxygen was tW^^^ 
oxidising agent. Now CnCl and PeCl2 bear the same relation 
to CuCl2 and PeClg respectively as do the corresponding oxides 
to one another; it is customary, therefore, to regard the con- 
version of CuCl and PeCl2 into CuCl^ and WeGl^ respectively 
as oxidations, Le. in oxidation the positive valency of an element 
or radical is increased. 

It may be noted that combination with a non-metallic 
element other than oxygen resembles combination with oxygen. 
Thus carbon burns in fluorine more vigorously than in oxygen: 
C -f 2F2 “ CF4. Iron burns in fluorine and, when heated, 
combines with chlorine and also with sulphur : 2Fe + 3F2 = 
2FeF3; 2Fe + 3CI2 == 2FeGl3; Fe + S == FeS. Owing to the 
similarity of these reactions to combinations with oxygen, they 
may clearly be regarded as a generalised sort of oxidation. 

Reduction was formerly considered to be the process by which 
oxygen was removed from a compound. Hydrogen was 
regarded as the typical reducing agent. The definition can 
be logically extended to the process resulting in the decrease 
of the positive valency of an element or radical. Thus the 
conversion of Fe203 into FeO, of FeCls into FeGl2, of GUCI2 
into GuGl, are examples of reduction. It is evident that the 
processes of oxidation and reduction are complementary; 
whenever one substance is oxidised, another substance must 
be correspondingly reduced. 

Let us write the simple equation representing the oxidation 
of ferrous chloride by chlorine in aqueous solution; 

2FeCl2 + CI 2 - 2FeCl3, 

or, expressed ionically, 2Fe++ + GI2 == 2Fe'^++ + 2Gr. The 
ferrous ion Fe’^+ is converted into the ferric ion Fe++‘^ (oxida- 
tion) and the neutral chlorine molecule into negatively charged 
chloride ions GF (reduction). According to the electronic con- 
ception of the constitution of matter, the conversion of Fe"^"’’ 
into Fe+++ requires the loss of one electron, and the trans- 
formation of the neutral chlorine molecule into chloride ions 
necessitates the gain of two electrons. This leads to the view 
that, for reactions in solution, oxidation is a process involving 
the loss of electrons^ as in 

- e = Fe+++, 

and reduction is the process resulting in the gain of electrons, 
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In the actual oxidation-reduction process electroiis are trans- 
ferred from the reducing agent to the oxidising agent. 

The following are more satisfactory definitions: 

Oxidation is the increase in the positive valency of an element 
or radical either by the addition of oxygen, or by the addition 
of chlorine or some other atom or radical which can constitute 
acid radicals or anions (electronegative radicals). Qualitative 
analysis is largely concerned with reactions in solution. The 
above definition may th^i^efore be e:^tended to ionic reactions 
and expressed in the form : oxidation is the process which results 
in the loss of one or more electrons by atoms or ions. An oxi- 
dising agent is one that gains electrons and is reduced to a 
lower valency condition. This electronic definition of oxida- 
tion will apply, of course, to electrovalent compounds in the 
solid state. Thus sodium is oxidised when it burns in chlorine 
to form sodium chloride ; 

+ a2^ma+cr 

The oxidation of the metallic sodium is the process of removing 
an electron from each sodium atom : 

Na — e :s ]Sra+ 

Reduction is the decrease in positive valency (or increase of 
the negative valency) either by the removal of oxygen or some 
electronegative atom or radical, or by the addition of an atom 
or radical which can constitute cations (electropositive radical). 
The extension of this definition to ionic reactions is; reduction 
is a process which results in the gain of one or more electrons 
by atoms or ions. A reducing agent is accordingly one that 
loses electrons and becomes oxidised to a higher valency 
condition. 

Examples of oxidising agents of importance in analytical 
I chemistry are: the halogens, potassium permanganate, potas- 

I sium dichromate, nitric acid and hydrogen peroxide. Examples 

I of reducing agents are: sulphur dioxide, hydrogen sulphide, the 

I metals, hydrogen, stannous chloride and hydriodic acid, A 

I detailed discussion of these is given below. 

J The principle referred to above, viz, that reagents react with 

i one another in equivalent proportions, is employed in balancing 

f oxidation-reduction equations. In all oxidation-reduction 

I! processes (or redox* processes) there will be a reactant under- 

going oxidation and one undergoing reduction, since the two 
reactions are complementary to one another and occur simul- 
taneously — one cannot take place without the other. The 
* ♦ The simple term “redox” is an abbreviation of reduction-oxidation* 
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reagent undergoing oxidation is termed tlie reducing agent or 
rednctant, and the reagent undergoing reduction is called the 
oxidising agent or oxidant. It is necessary to determine 
the number of equivalents represented by one molecule of the 
oxidising and reducing agent respectively, and then to assign 
coefficients to each such that the number of equivalents of the 
oxidant and of the reductant are equal. The equation can 
then be completed by inspection. The number of equivalents 
represented by one molecule of the oxidant and the reductant 
is determined by direct comparison. Two methods are com- 
monly employed for this purpose; these are considered in the 
two sections which follow: 

I, 24. The Oxidation Number Method.— This procedure 
was introduced by 0. C. Johnson in 1880. It is a direct 
development of the view that oxidation and reduction are 
attended by changes of valency. The fundamental conception 
is the state of oxidation of the elements in particular com- 
pounds. Johnson expressed this by the term ‘‘positive or 
negative bond.’’ Other authors have used “valence,” “ changes 
of valence,” “valence number” and “oxidation number” to 
express the same quantity. The present writer prefers “oxida- 
tion number” as this term is less likely to cause confusion. 
The quantity is not determined by reference to any theory of 
atomic or molecular structure, and may be regarded as a 
mathematical entity deduced from an examination of the 
formulae of the initial and final compounds in a reaction. 
The oxidation number of an element is a number which, applied 
to that element in a particular compound, indicates the 
amount of oxidation or reduction which is required to convert 
one atom of the element from the /ree state into that in the 
compound. If oxidation is necessary to effect the change, the 
oxidation number is positive, and if reduction is necessary, 
the oxidation number is negative. 

The following rules apply to the determination of oxidation 
numbers: 

(1) The oxidation number of the free or uncombined element 
is zero. This may be written S°, Ba°, CI 2 ®, etc. 

(2) The oxidation number of hydrogen in combination is, 

+1 

with few exceptions,* -fl (H). 

♦ The only exceptions are the hydrides of very electropositive metals, such 
as those of lithium and sodium; the oxidation number of the metal is 4-1 

+1 -1 

and that of hydrogen is —1, e,g. I»i H. 
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(3) The oxidation number of oxygen in combination is 
normally —2 (0).* 

(4) The oxidation number of a metal in combination is 
usually positive, t 

(5) The oxidation number of a radical or an ion is that of 
its electro valency with the correct sign attached, i,e, is equal 
to its electrical charge. 

(6) The oxidation number of a compound is always zero, 
and is determined by the sum of the oxidation numbers of the 
individual atoms each multipUed by the number of atoms of 
the element in one molecule. 

Let us consider a few simple apphcations of these rules. 

(i) Oxidation nurnber of Gu in CuO. To convert Cu® into 
CuO, the copper undergoes two units of oxidation, hence the 

oxidation number of the copper is + 2 . Alternatively, by 

+ 2-2 

rule 6, since oxygen is —2, copper in CuO must be +2. 

(ii) S in Here H2 == +2, hence S is —2. 

(iii) N in NH^Cl. Consider NH3: H3 is +3, hence N is —3. 
In HCl, H = +y therefore Cl is ~1. When NHg and HCl 
combine to form NH4CI, the oxidation numbers of the elements 
in the new compound remain the same. In NH4CI, H4 == + 4 : 
and Cl = — 1, hence N>= — 3. 

(iv) N in HNO^, Here O3 = —6, H = +1, therefore 

N == +5., 

(v) Mn in KMnO^, Here O4 = ~8, K = +1, hence 
Mn = +7.. 

(vi) in Here O4 = — 8, 804“ = — 2, hence 

“2 = —8 + S, or S = +6. 

(vii) 0 in CO 2* Here O2 = —4, hence C = +4. 

(viii) G in CH 4^, Here H4 = +4, hence C = —4. 

The following rules apply to the use of the oxidation n um ber 
method for the balancing of equations : 

(1) Determine the numerical change in oxidation number of 
a significant element in the oxidant. 

(2) Eepeat this for a corresponding significant element in 
the reductant. 

* The exceptions are : hydrogen peroxide and the trae peroxides in which 

oxygen is —1, e.g. H^Oa and NagOa? oxygen cMuoride, in which the oxygen 

+2-2 

is combined with the only more electronegative element, fluorine — OFj. 
t Exceptions are to be found in the compounds with hydrogen, e.gr. GeH^. 
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(3) Multipiy each by coefficients which 
change in oxidation number equal. 

(4) Inspect the skeleton equation deduced from (3), and 
introduce the proper coefficients for the compounds or radicals 
which are not oxidised or reduced. 

The application to a number of examples is given below. 

Reaction I: action of nitric acid upon cadmium sulphide. 

CdB 4- HNOg ^ Cd{N03)g + NO + S -f HgO (iiicompiete) 

Nitric acid: HNOg: O.N.* of N = { -^6 -f 1) = +5 

Nitric oxide NO: O.N. of N = — (™-2) = 4-2, in the reaction 
nitrogen changes in O.N. from 4“5 to 4-2, or by 3 units of reduction. 

Cadmium suiphide GdS: O.N. of S = —(4,2) = — 2. 

Free sulphur: O.N. = 0. 

Since one molecule of HNO3 undergoes 3 umts of reduction and 
one molecule of CdS 2 units of oxidation, the two must react in the 
ratio of three molecules of CdS to two molecules of HNO3. Further- 
more, Cd(N03)2 requires two nitrate radicals for each atom of 
cadmium; six more molecules of HNO3 therefore be required 
to balance the equation. The latter will be : 

3CdS 4- SHNOs = SCdtNOgla 4* 2NO -f 3S 4- fflgO 

Reaction II: the reduction of potassium permanganate by ferrous 
sulphate in the presence of dilute sulphuric acid. 

KMn04 4- FeSO^ 4- H2SO4 ; 

= K2SO4 4- MnS04 4" Fea(S04)3 4- HgO (incomplete) 

The oxidant KMn04 i® reduced to MhS04: 

+1+7-8 +2+6-8 

i.e. the change in O.N. of manganese is fi?om 4- 7 to 4- 2, or by 5 
units of reduction. 

The reductant FeS04 is oxidised to Fe2(S04)3: 

+2 ■+6 -6"' 

Fe(S04)-^Fe2(S04)3, 

i.e, the change in O.N. of one atom of iron is from -4-2 to J(-4-6), 
or by 1 unit of oxidation. 

The EMQO4 and FeS04 therefore react in the ratio of 5 : 1. 
Now Fe2(S04)3 contains two atoms of iron; the numbers of molecules 
in the ratio must accordingly be doubled, and are 10 : 2. 

The equation becomes: 

2KMn04 4- 10FeSO4 + xI£^BO^ 

= 2MnS04 4- N2SO4 4- 6Fe2(S04)3 4- xB.fi 
The number of sulphate radicals (after making allowance for those 
supplied by the F^04) required in the formation of the molecules 

♦ The term oxidation number is abbreviated to O.N. 
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of M11SO4, K2SO4 and Fe2{S04)3 is estimated by inspection, and this 
gives a; = 8. 

Eeaction III : tbe interaction of potassium diohromate and potas- 
sium iodide in tbe presence of dilute sulphuric acid. 

KaCr A + 

^ (>2(804)3 + K2SO4 + I2 + H2O (incomplete) 
The oxidant K2Gr207 is reduced to (>2(804)3: 

+24-12-14 +6 -e 

-> (>2(804)3 

The change in O.N. of two atoms of chromium is from -\-12 to +6, 
or by 6 units of reduction. 

The reductant KI is oxidised to I2: 

+1-1 0 

The change in O.N. of one atom of iodine is from —1 to 0, or by 
1 unit of oxidation. 

Since one molecule of K2O2O7 undergoes 6 units of reduction and 
one molecule of KI suffers 1 unit of oxidation, the two will react 
with one another in the ratio of K2Cr207 : 6KI. 

The equation will therefore be: 

K2O2O7 + 6KI + a;HaS04 = (>2(804)3 -f 4K2SO4 + Slg + xB.fi 
Inspection shows that x must be 7 in order to account for the 
number of molecules of Cr2(S04)3 and K2SO4 formed. 

Eeaction IV: the reduction of ferric chloride by hydrogen sulphide. 
FeQg -f H2S = FeClg + 8 + HCl (incomplete) 

The oxidant FeCl3 is reduced to FeCl2: 

+3-3 +2-2 

FeClg-^FeCla 

The change in O.N. of iron is from +3 to +2, or by 1 unit of 
reduction. 

The reductant H2S is oxidised to free 8 : 

+2-2 0 

HgS-^S 

The change in O.N. of the sulphur is from —2 to 0, or by 2 units of 
oxidation. 

Two molecules of FeCla therefore react with one molecule of H2S, 
and this fact, coupled with inspection of the incomplete equation, 
gives the balanced equation: 

2FeCl3 HaS = 2FeGla + 2HC1 + 8 

Eeaction Y: the action of concentrated hydrochloric acid upon 
potassium permanganate. 

KMn04 -f HCl “ KOI + MuGla -h CI2 + Bfi (incomplete) 

The oxidant KMn04 is reduced to MhC32 : 

+1+7-8' , ■^■■+2-2' ■ 

KMn04>» MnCla, 
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i.e. the change in O.N. of the manganese is from -(-7 to +2, or by 
6 units of reduction. 

The reductant HGl is oxidised to CI 2 : 

+1-1 0 

HCl->Cla, 

i.c. the change in O.N. per atom of chlorine is from —1 to 0, or by 
1 unit of oxidation. 

The KMn 04 and HCl will therefore react in the ratio of 5 : 1. 
The molecule of chlorine contains two atoms; the number of 
molecules in the ratio must accordingly be doubled, and are 10 : 2. 
The equation becomes: 

2 KMn 04 + (10 + x) HCl == 2KC1 + 2MnCl2 + 5Cl^ + (5 + x/2) HjO 

Inspection shows that x must be 6 in order to account for the 
formation of the correct number of molecides of KOI and MhCl 2 
derived from the KMn 04 . 

I, 25. The Ion-Electron .Method. — ^This method, developed 
in some detail by Jette and La Mer in 1927, is based upon the 
conception of oxidation as the loss of one or more electrons, 
and of reduction as the gain of one or more electrons. The 
method is limited to ionic reactions in aqueous solutions but, 
since nearly all the reactions encoimtered in qualitative analysis 
are ionic in character, the expression of chemical reactions as 
interaction between the ions is, for many reasons, an advantage. 
Furthermore, such ionic reactions can be readily converted into 
the molecular equations and vice versa. 

In order to balance an ionic equation by the ion-electron 
method, the equation is divided into two balanced, partial 
equations representing the oxidation and reduction respec- 
tively. These may be regarded as corresponding to the two 
half cells described in Sections 1, 28 and I, 33 in connexion with 
the theory of oxidation-reduction. It must be remembered 
that the reactions take place in aqueous solution so that in 
addition to the ions supplied by the oxidants and reductants, 
the molecule of H2O, H+ ions and OH"” ions are also present, 
and may be utilised in balancing the partial ionic equations. 
The unit change in oxidation or reduction is a change of one 
electron, which will be denoted by e. To appreciate the prin- 
ciples involved, let us study first the reaction between ferric 
chloride and stannous chloride in aqueous solution. The 
partial ionic equation for the reduction is: 

Ee+++->Fe++ (a) 

and for the oxidation is : 

Sn++ Sn++++’ 


(b) 



69 


25 ] The Theoretical Basis of Qualitative Analysis 

The equations must be balanced not only with regard to the 
number and kind of atoms but also electrically, that is, the 
net electric charge on each side must be the same. Equation {a) 
can be balanced by adding one electron to the left-hand side: 

j^0+++ ^ W) 

and equation (6) by adding two electrons to the right-hand 
side: 

Sn++ ^■Sn++++ -I- 2e (60 

These partial equations must then be multiplied by coefficients 
which result in the number of electrons utilised in one reaction 
being equal to those liberated in the other. Thus equation {a') 
must be multiplied by two, and we have : 

2Ee+++ +2e ^2Ee++ (a") 

Sn++ ^ Sn++++ -h 2e (6") 

Adding (a'O and (6'^), we obtain: 

2Fe+++ + Sn++ + 2e ^ 2Fe++ + Sn++++ + 
and by cancelling the electrons common to both sides, the 
simple ionic equation is obtained : 

2Fe+++ + Sn++ = 2Fe++ + Sn++++ 

The following facts must be borne in mind. All strong 
electrolytes are completely ionised; hence only the ions actually 
taking part in or resulting from the reaction need appear in the 
equation. Substances which are only slightly ionised, such as 
HgO, or which are sparingly soluble in water and thus yield 
only a small concentration of ions, e,g. AgCl and BaS 04 , are, ^ 
general, written in the molecular form because most of the 
substance is present in this state. 

The complete rules for the application of the ion-electron 
method may be expressed as follows : 

(1) Ascertain the products of the reaction. 

(2) Set up a partial equation for the oxidising agent. 

(3) Set up a partial equation for the reducing agent in the 
same way. 

(4) Multiply each partial equation by a factor so that when 
the two are added the electrons just compensate each other. 

(5) Add the partial equations and cancel out substances 
which appear on both sides of the equation. 

A few detailed examples follow. 

Reaction I: action of nitric acid upon cadmium sulphide. 

One partial equation (reduction) is : 

NOa” NO (meompiete) 
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To balance this atomioaiiy one must write: 

.NOr + 4H+ NO + SHgO 

To balance the latter equation electrically, 3e must be added to 
the left-hand side: 

NOs- + 4H+ + 3e ^NO + 2 H 2 O 
The second partial equation (oxidation) is : 

CdS~>S° 

This must be written as: 

CdS S'* -f Cd++ 
to balance atomically, and as : 

CdS +Cd++ + 2e, 

to balance electrically. Thus one nitrate ion requires 3 electrons, 
and one molecule of cadmium sulphide liberates 2 electrons ; the 
two partial reactions will take place in the ratio of 2 : 3. 

2(N08’" + 4H+ + 3e = NO + 2 H 2 O) 

3(CdS = S° + Cd++ + 2e) 

3CdS + 2 N 03 “ + 8H+ + 6 e = 3Cd++ + 3S + 2NO + mfi -f Be, 
or 3CdS 4- 2 NO 3 " + 8H+ = 3Cd++ + 3S + 2 NO -f 

Reaction II: the reduction of potassium permanganate by ferrous 
sulphate in the presence of dilute sulphuric acid. 

The first partial equation (reduction) is : 

Mn 04 ~ Mn++ 

To balance this atomically one needs 8H+: 

Mn 04 "' + Mn++ + ; 

and to balance it electrically one requires 5e on the left-hand side: 
Mn 04 “ + 8H+ -f 56 ^ Mn++ + m^O 
The second partial equation (oxidation) is: 

To balance this electrically one must add one electron to the right- 
hand side (or subtract one electron from the left-hand side): 

. Fe+'-t- v^;Fe+++ 4,6, ' 

Now the gain and loss of electrons must be equal. One perman- 
ganate ion uses 5 electrons, and one ferrous ion liberates 1 electron; 
hence the two partial reactions take place in the ratio of 1: 5. 

MnOr 4 8H+ 4 56 ^ Mn++ 4 

5(Fe++"^Fe+++:4 e) ' , 

or Mn 04 ’~ 4 8H+ 4 = Mn++ 4 5Fe+++ 4 41120 

Reaction III: the interaction of potassium dichromate and potas- 
sium iodide in the presence of dilute sulphurio acid, 

CraOy^’"-^ Cr+++; 

CtjO,”"' 4 2Cr+++ 4 7HaO 
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To balance electrically, add 6e to the left-hand side: 

+ 14H+ 4- 6e ^ 2Cr+++ + 7 H 2 O 

The various stages in the deduction of the second partial equation 
are: 

I 2 ; 

2r^l2-f2e 

One dichromate ion uses 6e, and two iodide ions liberate 2e ; hence 
the two partial reactions take place in the ratio of 1 : 3, 

CraOr" + 14H+ + 6e =# 2Cr+++ + THaO 
3(21-" + 2e) 

^ + 14H+ + 6I~ = 2Cr+++ + THgO -f Slg 

Beaction IV: the reduction of ferric chloride by hydrogen sulphide. 
Fe+++“> Fe++; 

Fe++++e^Fe++ 

H2S->S° + 2H+; 

S° 4-2H+ 4-26 

Thus one ferric ion liberates 1 electron, and one molecule of hydrogen 
sulphide uses 2 electrons. The partial reactions will therefore take 
place in the ratio of 2 : 1. 

2(Fe+++ + e ^Fe++) 

S° 4- 2H+ 4- 2e 

: ^ 2Fe-^++ 4- H 2 S = 2Fe++ 4- S + 2H+ ’ ^ ^ 

Beaction V: the action of concentrated hydrochloric acid upon 
potassium permanganate. 

Mn 04 ” Mn++; 

Mn 04 ~ 4- 8H+ -> Mn++ 4 - ^ 

Mn 04 “ 4 8H+ 4- ^ Mn++ 4 mfi 

a“-^Cl2; 

2a'-j^Gi2 
2C1 GI 2 4* 2® 

One permanganate ion utilises 5e, and two chloride ions liberate 2e, 
hence the two partial reactions take place in the ratio of 2 : 5. 

2 (Mn 04 “ 4- 8H+ 4- 5e + 4 H 2 O) 

5 ( 201 ”:;,^ a2-4-2e). ■■ 


2 Mn 04 “ 4 16H+ 4 10Cr= 2Mn++ 4 5C1^ 4 SHgO 
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TEe advantages of the ion-electron method are: 

(i) The final equation gives only the substances which react 
and are produced in the redox reaction. 

(ii) The method is free from hypothesis regarding the distri- 

bution of the valency bonds among the individual atoms 
constituting the oxidant and reductant. Thus with perman- 
ganates, it is not heptavalent manganese which is the 

oxidant but the Mn04”‘ concentration of which may 

be experimentally determined and controlled. 

(iii) The influence of the hydrogen ion (or hydroxonium ion) 
concentration, while not apparent in the oxidation number 
procedure, is clearly emphasised. 

(iv) The equations are not hypothetical: indeed, they have 
an experimental basis. 

The student should experience little difficulty in balancing 
the common equations by the ion-electron method and con- 
verting them into molecular equations. A brief resume will 
now be given of a few typical oxidising and reducing agents 
and the reactions which they undergo. This will be useful 
for reference purposes. The reader should attempt to deduce 
the ionic equations independently, and also to formulate the 
corresponding molecular equations. 

1, 26. TYPICAL OXIDISING AND REDUCING 
AGENTS : SUMMARY 

Oxidising Agents 

Potassium permanganate. Its action depends upon the con- 
version of the manganese into a manganese compound with 
a lower valency or with a lower oxidation number. In acid 
solution, the oxidation number of manganese changes from +7 
to +2, or by 5 units of reduction. Expressed ionically, 
Mn04 is converted into Mn++; this involves a gain of 5 
electrons. 

Mn04“' + -f- 5e Mn++ + 4H2O 

Some of the ionic reactions which potassium permanganate 
undergoes, are: - 

Mn04" + 5Fe++ 8H+ = Mn-H- + 5Fe+++ + fflgO 

2Mn04“' + lOr + 16H+ = 2Mn++ -f ^Ig + SHgO 
2Mn04‘ + 5H2S 4- 6B[+ = 2Mn++ + 5S -f SHgO 

In neutral or alkaline solution, the manganese in the per- 
manganate is generally reduced to Mn02, Le. by 3 units of 
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reduction. lonically expressed, tte change of Mn04~ into 
Mh02 corresponds^ of 3 electrons. An example of 

tMs is the oxidation of manganese salts to Mn02, to which the 
permanganate ion is itself reduced. 

2Ma0r + 3Mh++ + 2B.^0 = SMnOg + 4H+ 

Potassium dichromate. Its action depends upon the con- 
version of the chromium into a chromic compound. In acid 
solution, the O.N. of two atoms of chromium changes from 
-f 12 to +6, or by 6 units of reduction. lonically expressed, 
<>207 is converted into 2Cr+"^+, and this corresponds to a 
gain of 3 electrons per atom of chromium. 

CrgOy" + 14H+ -f 6e ^ 2Cr+++ + 7H2O 
Cr207'~““ + 6Ee++ + 14H+ = 2Cr+++ + 6Fe+++ -f 7H2O 
Gr207”" + 61" + 14H+ = 2^+++ + SIg + 7H2O 
Cr207 + 3Sn++ -f 14H+ = 2Cr+++ + 3Sn’H"++ + 7H2O 

CrgOy"" -f 3H.CHO + 8H+ = 2Cr+++ -f 3H.COOH + IHgO 

(formaldehyde) (formic acid) 

Nitric Acid. The oxidising action is dependent upon the 
reduction of the nitrogen. The nature of the reduction varies 
with the concentration of the acid and with the compound to 
be oxidised. The most common product is nitric oxide, but 
nitrogen dioxide, nitrous oxide, nitrogen and ammonia are also 
formed under different experimental conditions. 

In the conversion of the nitrogen in nitric acid into nitric 
oxide, the O.N. changes from +5 to +2, or by 3 units of 
reduction. Expressed ionicahy, the transformation of N03’“ 
into NO results in a gain of 3 electrons. 

NO3 20"^ -{- 6 NOg d” HgO 
NOg -j- 4H^ -f* 36 NO d” 2BE20 
3CuS d” 2NO3" d- 8H+ = 3Cu++ + 3S -f 2NO + 4H2O 
3Ee++ d- N03“ d- 4H+ = 3Fe+++ + NO -f 2H2O 
3Ag d- NO3" d- 4H+ = 3Ag+ d- NO d- ^HgO 

The halogens. Here the action is dependent upon the 
conversion of the neutral and free halogen into halogen ions 
by accepting electrons. 

dg d-2e v^2a~ 

2Fe++ d- GI2 = 2Fe+++ + 201" 

The oxidising action of aqua regia may be ascribed to the 
free chlorine which is liberated in the reaction: 

HNO3 d- 3Ha NOa d- CI2 + 2H2O 
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Hycirog6!i peroxide. This substance acts as both, an oxidis- 
ing and reducing agent. The former action, particularly in 
acid solution, is usually attributed to the presence of one atom 
of oxygen differing in its mode of attachment from the other 
oxygen atom. 

2Fe++ + H2O2 -f 2H+ = 2F0+++ + 2H2O 
Eebucing Agents 

Sulphur dioxide or sulphurous acid. The reducing action 
is dependent upon the conTersion of the sulphite ion into the 
sulphate ion. Often the reagent is employed by adding sodium 
sulphite to the slightly acidified solution to be reduced. The 
O.N. of the sulphur changes from -f 4 to +^£^or by two units 
of oxidation. Expressed ionically, the SO3 ion passes into 
the S04~’“‘ ion, and this corresponds to a loss of 2 electrons per 
atom of sulphur. 

SO3" + H2O ^ S04“ + 2H+ + 2e 
SOf'-’ + 2Fe+++ + H2O == SO4— + 2Fe++ + 2H+ 

SO3 d" i-2 4 " ^-2^1 ~ “H Hh 211*^ 

+ Cr^Or’"'^ + 8H+ = 3804“"’ + 2 Cr+++ + 4H2O 
SO3 -f- ASO4 == ^^4 Hh AsOg 

Hydrogen sulphide. The action depends upon the conver- 
sion of the sulphur with an O.N, of —2 into free sulphur with 
an O.N, of zero, i.e. by 2 units of oxidation. Expressed 
ionically, the change involves the loss of 2 electrons per molecule 
of hydrogen sulphide. 

3 H 2 S + Gr^Of- + 8H+ 38 + 2^+++ + 7 H 2 O 

5 H 2 S + 2Mn04” + 6H+ == 58 + 2Mn++ + SHgO 

H2S + 2Ee+++ =? 8 + 2Fe++ + 2H+ 

H2S + CI2 =- 8 + 2H+ + 2Cr 
3H2S + 2N03“ + 2H+ = 38 + 2NO + 4H2O 

Hydriodic acid. Here the iodine ion passes into free iodine; 
the O.N. changes from ~1 to 0, or by 1 unit of oxidation. 
This is equivalent to the loss of 1 electron. 

2I“" -f 2 Fe+++ == I2 + 2Fe++ 

61 -" + 0207““”" + 14 H+ « 3I2 + 2 Cr+++ + IR^O 
lOr + 2 ]yhOr + 16 H+ = 5I2 + 2 Mn++ + SHgO 
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Table I, 26, 1 



Common Oxidising Agents 



Substance 

Radical or 
element 
involved 

0 ,N, of 

effective'^ 

element 

Reduc- 

tion 

product 

New 

0 ,N. 

Decrease 
in O.N. 

Gain in 
electrons 

ElMn04 (acid) 

MnOr 

4-7 

Mn++ 

+2 

5 

5 

KMnOi 

Mn04'“ 

+7 

MnOg (or 

4-4 

3 

3 

(alkaline) 

CrjO,- 

+6 

Mn++++) 

0+++ 

+3 

3 

3 

HNO3 (dil.) 


+5 

NO 

4-2 

3 

3 

HlSrOs (cone.) 

NO3- 

+5 

NO2 

4-4 

1 

1 

Oh 

Cl 

0 

or 

-1 

1 

1 

Br, 

Br 

0 

Br“ 


I . 1 

1 

I2 

I 

0 

r 


i 1 

1 

3 HC 1 : IHNO3 

Cl 

0 

or 


1 

1 1 

H2O2 

0 

0 

0— 


1 2 

i 2 

lsra202 

0 

0 

O"" 

-2 

2 

1 2 

KClOs 

ClOa” 

+5 

cr 


6 

I 6 

KBrOs 

BrOa 

+5 

1 Br“ 


6 

6 

KLO , 

IOa~ 

4-5 

r 

-1 

6 

6 

NaOOl j 

ocr 

4-1 

cr 

-1 

2 

2 


Common Ebdxjcing Agents 

Substance 

Radical or 
element 
involved 

O.N. of 
''effective*' 
element 

Oxida- 

tion 

product 

New 

0 ,N. 

Increase 
in O.N. 

Loss in 
electrons 

H2SO3 or 

^or 

4-4 

mr 

4-6 

2 

2 

NagSOa 







HaS 


-2 

s° 

0 

2 

2 

HI 

r 

~1 

1° 

0 

1 

I 

SnCla 

Sn++ 

4-2 

Sn++++ 

4-4 

2 

2 

Metals, e.g. Zn 

Zn 

0 

Zn++ 

4-2 

2 

2 

Hydrogen 

H 

0 

H+ . 

4-1 

1 

1 

FeS04 (or any 

Fe++ ■ 

4-2 

Fe+++ 

4-3 

1 

1 

ferrous salt) 







NagAsOg 

AsOg"" 

4-3 

As04'”'" 

■4-5 

2 

2 

H2Ca04 

0^04 

,+3 

00 , 

-f-4 

1 

1 


Staimoiis chloride. The reducing action, which usually 
occurs in acid solution, is dependent upon the facile conversion 
of stannous ions into stannic ions; the change in 0,N. is from 
+2 to +4, or by 2 units of oxidation. This is equivalent to 
the loss of 2 electrons. 

gn++ ^gn++++ + 2e 

Sn++ + 2HgCl2 = Sn++++ + HggClg + 2Cr 
Sn++ + HgaClg = Sn++++ + 2Hg + 2Cr 
Sn++ + CI 2 Sn++-H- + 2Cr 
Sn++ + 2Fe+++ = Sn++++ + 2Ee++ 
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Metals and hydrogen. The use of metals and of hydrogen 
as rednctants is based upon the conversion of the metal and 
of neutral hydrogen into cations. The change requires an 
increase in O.N., or a loss of electrons, dependent upon the 
valency of the metal With hydrogen, the increase in O.N. is 
1 for each atom, and this corresponds to a loss of 1 electron. 
The reduction may take place in neutral, acid or alkaline 
solution.. 

Zn Zn+-‘- + 2e 

4Zn + N03“ 4- 70H‘~ = 4Zn02“ + NH3 + HgO 
' 2 ^ + 20 ^+ ' 

V;: 

Zn 4- 2Fe+-H* = Zn++ 4- 2Fe++ 

A usefal summary of the common oxidising and reducing 
agents, together with the various transformations which they 
undergo, is given in Table J, 2d, 1. 

I, 27. Concentration of Reagents. Molar and Normal 
Solutions.— In order to carry out an analysis in a truly 
scientific manner, it is necessary to know not only the reactions 
of the different anions and cations, but also the sensitiveness 
of each reaction, that is, the smallest amoimt of substance 
which can be detected under a standard set of experimental 
conditions. One should be able to estimate from the size of a 
precipitate the approximate amount of reacting ion which is 
present in the original substance. This, of course, will only 
be possible when the tests are carried out with known quantities 
of the reagent. For this reason, experiments are made with 
reagents of known strength. It is the purpose of this section 
to discuss the two important methods of expressing the con- 
centration of solutions. 

Molar Solutions. A molar solution is one which contains 
one gram molecular weight (or one mole) of solute per litre of 
solution. Thus a molar solution of potassium chloride con- 
tains 39 4“ ^5-5 = 74*5 grams of KCl per litre; a molar solution 
of sodium sulphate decahydrate contains 46 4" 32 4* + 180 

= 322 grams of Na2SO4,10H2O per litre. 

This term is also applied to ions in solution, since, as their 
osmotic and other properties indicate, they possess some of 
the properties of molecules. The gram molecular weights of 
II+, Cr, SO4 and PO4 ions are I, 35*5, 96 and 95 grams 
respectively. A molar solution of hydrogen ions, chloride ions, 
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sulphate ions or phosphate ions contains respectively 1, 35*5, 
96 and 95 grams per litre of solution. 

Normal Solutions. A normal solution contains one gram- 
equivalent weight of the solute per litre of solution. For 
convenience of manipulation, the concentration of solutions 
employed in qualitative analysis often contain multiples or 
fractions of the equivalent weight per litre, e,g. five times 
normal which is represented as 5A, or one-tenth normal, O' liV. 
The gram equivalent weight is most simply defined as that 
weight of substance which will react with or displace 1 *008 grams 
of hydrogen, 8 grams of oxygen, 35*5 grams of chlorine or that 
quantity of any element wMch reacts with these weights of 
hydrogen, oxygen and chlorine respectively. Usually the equi- 
valent of an element is equal to its atomic weight divided by 
its valency. The equivalent weight of a compound is that 
weight which contams one gram equivalent weight of the com- 
ponent taking part in the reaction under consideration. This 
is generally the chief component. With acids, it is the ionisable 
and replaceable hydrogen; with bases, it is the ionisable hy- 
droxyl group, and with salts, it is generally the cation or anion. 
The above statements apply to the simplest cases, that is, 
those in which no oxidation or reduction occurs. In general, 
the gram equivalent weight will depend upon the particular 
reaction in which the substance takes part. It often happens 
that the same compound will possess different equivalent 
weights in different chemical reactions. The situation may 
therefore arise in which a solution may have normal concentra- 
tion when employed for one purpose, and a different normal 
concentration when used in another chemical reaction. 

The equivalent weight* of an acid is that weight of it which 
contains one replaceable hydrogen atom, i.e. 1*008 grams of 
hydrogen. The equivalent weight of a monobasic acid, such 
as hydrochloric, hydrobromic, hydriodic, nitric or acetic acid, 
is identical with the molecular weight. A normal solution of 
a monobasic acid will therefore contain one gram molecular 
weight (or 1 mole) in a litre of solution. The equivalent weight 
of a dibasic acid (e.g, H2SO4) or of a tribasic acid {e.g, H3PO4) 
is hkewise 1/2 and 1/3 respectively of the molecular weight. 

The equivalent weight of a base is that weight of it which 
contains one replaceable hydroxyl group, i.e. 17*008 grams of 
ionisable hydroxyl. 17* 008 grams of hydroxyl are equivalent 

* Throughout this volixme the tenns equivalent weight Bud molecular weight 
win be used synonymously with gram equivalent weight and gram molecular 
weight respectively. 
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to 1-008 grams of hydrogen. The eqmvalent wei^^ 
NaOH, KOH and. NH4OH (or NH3— the Arrhenius definitions 
suffice for most purposes) are 1 mole, and of Ca(OH)2, Sr(OH)2 
and Ba(OH)2 1/2 mole. 

The equivalent weight of a normal salt is that weight of it 
which contains one gram equivalent weight of the cation or 
anion. This quantity will be the molecular weight of the salt 
divided by the total valency of the cation or anion. Thus the 
equivalent weight of KCl is 1 mole, of Na2S04 1/2 mole, of 
AICI3 1/3 mole, of SnCl4 1/4 mole and of Ca3(P04)2 1/6 mole. 

For acid and double salts, the equivalent weight may vary 
with the component to which the equivalent is referred. Thus 
for the salt Na2HAs04,l^H20, wMch yields the ions 2Na’^, 
HASO4 , H+ and As04^ ^pon progressive ionisation the 
equivalent will be 1/2 mole when referred to Na+ or HASO4 > 
1 mole when referred to and 1/3 mole when referred to 
As 04”'~~. With a double salt, like chrome alum K2SO4, 
(>2(804)3, 24H2O the equivalent weight will be 1/2, 1/6 and 
1/8 mole respectively according as to whether the reacting com- 
ponent is 0+++ or SO4 . It must clearly be pointed 
out that the above remarks apply only to the calculation of 
the equivalents of salts which do not function as oxidising or 
reducing agents. The equivalent weight of an acid or double 
salt, which does not act as an oxidant or reductant, is the gram 
molecular weight divided by the total valency of the reacting 
comtituent. 

x*|rhe equivalent weight of an oxidising agent is determined 
by the change in oxidation number which the reduced element 
experiences. It is that quantity of oxidant which involves a 
change of one unit in the oxidation number.* Thus in the 
normal reduction of potassium permanganate in the presence 
of dilute sulphuric acid to a manganous salt, 

+ 1 + 7-8 + 2 + 6-8 

KMh 04 -^MnS 04 , 

the change in oxidation numbers of the manganese is from +7 
to +2, or by 5 units of reduction. The equivalent weight is 
therefore 1/5 mole (compare Sections 1, 24 and 1 , 26 ). Similarly 
for the reduction of potassium dichromate in acid solution, 
+2+12-U +6 -6 

K2O2O7 ^>2(804)3, 

* The standard of reference may be taken as the reaction: 

H+ + e, or l/2Hj + e 

This involves unit change in oxidation number. Incidentally this equation 
clearly shows the relation between the oxidation number method and the 
ion-electron method for deducing equivalent weights. 
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the change in G.N. of two atoms of chrominm is from +12 to 
+6, or % 6 units of reduction* The equivalent weight of 
K2Cr2Q7 is accordingly 1/6 mole* In order to find the equiva- 
lent weight of an oxidising agent, one divides the molecular 
weight by the total change in O.N. per which some 

element in the substance undergoes. 

We may also employ the ion-electron method (Section I, 25). 
The partial ionic equation in which the oxidising agent takes 
part is first written down. For potassium permanganate in 
acid solution, this is: 

MhOr + 8H+ + 5e ^ Mh++ + 4H2O 

The equivalent weight of an oxidising agent in a particular 
reaction is then that weight of the oxidant which is associated 
with a gain of one electron in that reaction. In the example 
under consideration 5 electrons are gained, hence the equivalent 
weight is 1/5 mole. In general, to calculate the equivalent 
weight of an oxidising agent for a particular reaction, one 
divides the gram molecular weight by the number of electrons 
per molecule indicated in the partial ionic equation as taking 
part in the reaction. 

\/The equivalent weight of a reducing agent is similarly 
determined by the change in oxidation number which the 
oxidised element suffers. Consider the conversion of ferrous 
into ferric sulphate : 

+2 -2 +6 -6 

2(FeS0j^Fe2(S04)3 

Here the change in O.N. per atom of iron is from +2 to +3, or 
by 1 unit of oxidation, hence the equivalent weight of ferrous 
sulphate is 1 mole. The ion-electron method may also be 
employed; the procedure is exactly analogous to that described 
under oxidising agents. One example will be studied, viz. the 
conversion of sodium sulphite into sodium sulphate. The 
partial ionic equation is: 

+ H2O - 2e ^ 804“”* + 2H+ 

Two electrons are lost per gram molecular weight of sodium 
sulphite; the equivalent weight is accordingly 1/2 mole. 

In general, it may be stated: (i) The equivalent weight of an 
element taking part in an oxidation-reduction (redox) reaction 
is the atomic weight divided by the change in oxidation 
number, (ii) When an atom in any complex molecule suffers 
a change in oxidation number (oxidation or reduction), the 
equivalent weight of the molecule is the molecular weight 
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divided by the change in oxidation nnmber of the oxidised 
or rednced element. If more than one atom of the reactive 
element is present, the molecular weight is divided by the total 
change in O.N. 

For convenience of reference the partial ionic equations for 
a number of oxidising and reducing agents are collected in 
Table /, 27, 1 (compare Table /, 25, 1). 


Table I, 27 ^ L Ionic Equations for Use in the Cinnuia^ 
THE Equivalent Weights of Oxidising and Reducing Agents 


Substance 

Partial Ionic Equation 


Oxidants 


Potassium permanganate 
(acid) 

MnOr + Sm 

+ 5e ^ Mn++ + 4 H 2 O 

Potassium permanganate 
(neutral) 

Potassium dichromate 

MnOi" + 2HjO 

+ 3e MnOa -f 40^ 

Cr,0,-^ + 14H+ 

+ 66 ^ 2Cr+++ + 7H,0 

Ceric sulphate 

Ce++++ 

4- e ^ Ce+++ 

Chlorine 

Cl, 

+ 2e 2Cr 

Ferric chloride 

Fe+++ 

4- e Fe++ 

Potassium iodate 

I 03 ~ +6H+ 

+ 6e ^r + SHjjO 

Sodium h 3 ^ochlorite 

CIO'" +H 2 O 

+ 2 e cr + 20 Br 

Hydrogen peroxide 

H^Oa + 2H+ 

+ 26 ^ 2HaO 

Manganese dioxide 

MnOg + 4H+ 

+ 2e ^ Mn++ + 2HaO 

Sodium bismuthate 

BiOs” + 6H+ 

■^2e^ Bi+++ + SHgO 

Nitric acid (cone.) 

NOa” + 2H+ 

4 - 6 ^ NOj + HgO 

Nitric acid (dil.) j 

N08" + 4H+ 

+ 3e NO + 2HaO 


Bbduotants 

Hydrogen 

H. 

— 26 ^ 2H+ 

Zinc 

Zn 


Hydrogen sulphide 

HaS 

-26^2H+ + S 

Hydrogen iodide 

2HI 

-26 + 2H+ 

Oxalic acid 

0,0,- 

- 26 ^ 2COa 

Ferrous sulphate 

Fe++ 

- 6 Fe+++ 

Sulphurous acid 

HaSOa HaO 

- 2e xA SO 4 ”” + 4H+ 

Stannous chloride 

Sn++ 

- 26 Sn++++ 

Stannous chloride (in pre- 



sence of hydrochloric 



acid) 

Sn++ + 6 Cr 

— 2e ^ SnCl* 

Hydrogen peroxide 

HaOa 

— 2e ^ 2H+ + Oa 

Sodium thiosulphate 

2Sa08”” 

— 26 ^ 84 , 03 — 


We are now in a position to understand more clearly why 
the equivalent weights of substances vary with the reaction. 
A normal solution of ferrous sulphate FeS 04 , 7 Hg 0 wiU have 
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an eqmvalent weight of 1 mole when employed as a reducing 
agent mA I j2 mole when employed as a normal salt or pre- 
cipitant. A solution of ferrous sulphate which is normal as a 
salt will be A/2 as a reducing agent. A few other examples are 
collected below. 

Oxalic Acid. H2C204,2H20. This compound contains two 
replaceable hydrogen atoms, hence a normal solution contains 
1/2 mole per litre. 

2H+ + 20H~ = 2H2O, 

or H2C2O4 + 2K:0H =K2C204 + 2H2O 

As a reducing agent, the partial ionic equation is: 

C2O4 — 26 ^ 2C02> 

so that the equivalent weight is 1/2 mole. 

Potassium hydrogen oxalate. KHC2O4. This substance 
has one replaceable hydrogen atom, hence, as an acid, the 
equivalent is 1 mole : 

KHC2O4 + KOH = K2C2O4 + HgO 

When functioning as a reducing agent, the reducing power is 
due to the C204~, and the equivalent is 1/2 mole. 

Pota^um tetroxalate. KHC204,H2C204,2H20. This salt 
cor^^B three replaceable hydrogen atoms, and its equivalent 
weight is therefore 1/3 mole. 

KHC204,H2C204,2H20 + SKOH = 2 K: 2 C 204 -f 5H2O 

As a reducing agent, a gram molecular weight contains 2C2O4 
and the equivalent weight is therefore 1/4 mole. A solution of 
this salt which is 3 A as an acid is 4A as a reducing agent. 

Potassium permanganate. KMn04. As a salt, that is, as a 
precipitant, the equivalent weight is 1 mole. We have already 
seen (Section I, 26; Tables J, 26, 1 and I, 27, 1) that the 
equivalent weight in acid solution is 1/5 mole, and in neutral 
or alkaline solution 1/3 mole. A solution of KMn04 which is 
0-lA as a precipitant, is 0*5A as an oxidising agent in acid 
solution, and 0-3A as an oxidising agent in neutral or alkaline 
solution. 

Once the reader has grasped the above concepts as to the 
cpculation of equivalent weights he should experience no diffi- 
^ilty in computing the exact amount of substance required in 
^the preparation of any solution required in qualitative analysis. 
The strengths of the reagents employed, together with details 
for their preparation, are collected in the Appendix (Section 
A, 2). 
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I, 28. THEORY OF OXIDATION AND REDUCTION 

Reference has already been made in Section I, 23 to the fact 
that oxidation consists of the loss of electrons and reduction of 
the gain of electrons. Thns in the reduction of ferric chloride 
by stannous chloride : 

2Fea3 + Snag = 2Fea2 + SnCl4, 
or 2Fe+++ + Sn++ = 2Fe++ + Sn++++, 

for every atomic weight (56 grams) of iron reduced 96,500 
coulombs or 1 Faraday of electricity is lost by the iron, and 
for every atomic weight (119 grams) of tin oxidised, the latter 
has gained 2 X 96,500 coulombs or 2 Faradays.* 

According to modern theory, an electric current is essentially 
a flow of negative electrons. It should therefore be possible to 


V 



A B 


Fig.I,2<S,l 

obtain direct proof of the transfer of electrons in the oxidation- 
reduction reaction under suitable experimental conditions, 
This is clearly shown by the following experiment (Fig. /, 28 , 1 ), 
Solutions of stannous chloride and of ferric chloride, each 
acidified with dilute hydrochloric acid to increase the con- 
ductivity, are placed in separate beakers A and B, and the 
two solutions are connected by means of a '‘salt bridge’’ con- 
taining sodium chloride. The latter consists of an inverted 
U-tube filled with a solution of a conducting electrolyte, such 
as sodium chloride, and stoppered at each end with a plug of 

* It follows from Faraday’s law that each gram equivalent weight of an ion 
is associated with a charge of one Faraday of electricity, A change of charge 
of one thus corresponds to the gain or loss of one Faraday per formula weight 
of the substance. 
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cotton wool to arrest mechanical flow. It connects the two parts 
of the redox system while preventing mixing. The electrolyte 
in solution in the salt bridge is always selected so that it does 
not react chemically with either of the solutions which it con- 
nects. Platinum foil electrodes are introduced into each of 
the solutions j and the two electrodes are connected to a milli- 
voltmeter V. When the circuit is closed, it will be foimd that 
the current in the external circuit passes from the stannous 
chloride solution to the ferric chloride solution. After a little 
time, stannic ions can be detected in A and ferrous ions in B. 

In the preceding experiment the flow of current is due to 
the e.m.f. produced by the chemical changes in the redox 
reaction. An electric current, according to modern theory, 
consists of a flow of electrons and it would therefore be expected 
to give rise to oxidation-reduction reactions. This can readily 
be demonstrated as follows. In Fig. J, 28, 1, beaker A contains 
ferrous ammonium sulphate solution acidified with dilute sul- 
phuric acid, beaker B ferric chloride solution likewise acidified 
with dilute acid, and the salt bridge dilute sulphuric acid, and 
the millivoltmeter is replaced by a 6-volt battery with the 
positive pole connected to A and the negative pole to B. 
After some time ferric ions can be detected with potassium 
thiocyanate solution in A, and ferrous ions with potassium 
ferricyanide solution in B. At the anode (+ electrode) each 
ferrous ion loses one electron and becomes a ferric ion: at the 
cathode (—electrode) each ferric ion gains I electron and is 
reduced to a ferrous ion: 

^ Fe+++ + e (anode) ; Fe++^' -f- e ^ Ee'*’+ (cathode) 

It is a well-known fact that oxidants and reductants vary 
considerably in strength. Information of a quantitative nature 
as to the relative strengths (compare relative strengths of weak 
acids and bases as expressed by their dissociation constants in 
Table J, 12, 1) would be of considerable practical value. A 
method which suggests itself at once is the measurement of the 
e.m.f. of redox reactions under standard conditions. This is 
indeed the method which is employed, but before this can be 
understood by the student, it will be necessary to consider the 
subject of electrode potentials. 

I, 29. Electrode Potentials.— When a rod of zinc is partially 
immersed in a solution of zinc sulphate, the metal becomes 
negatively charged relative to the solution. To account for 
this, Nernst (1888) introduced the idea of electrolytic solution 
pressure. Just as a liquid passes into a vapour until the 
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pressure of the vapour has a defimte value, so zinc when placed 
in a solution of one of its salts passes into solution as zinc ions. 
The zinc will consequently become negatively charged relative 
to the solution; a potential difference therefore exists between 
the metal and the solution. Owing to the comparatively large 
charge which the ions carry, the ions do not move far away 
from the metal but are held by electrostatic attraction and 
form an /'electrical double layer.” The electrolytic solution 
pressure P of the metal will be opposed by the osmotic pressure 
p of the ions in the solution, which tends to deposit them on 
the metal and the change soon stops (ie. equilibrium is reached) 
when only a minute amount of zinc has passed into the ionic 
state. The greater the concentration of zinc in the solution, 
the greater is their osmotic pressure and the smaller is the 
negative potential of the zinc. 

If a rod of copper (a metal with only a very small electrolytic 
solution pressure) is immersed in a solution of copper sulphate, 
a minute amount of copper ions deposits on the metal because 
of their osmotic pressure and the metal consequently acquires 
a positive charge, leaving the solution negatively charged.* 
The metal then attracts negative (SO4 ) ions from the solution 
to form the "electrical double layer.” The greater the con- 
centration of copper ions in the solution, the larger is the 
osmotic pressure, and the greater is the positive potential of 
the copper. 

The potential difference established between a metal and a 
solution of one of its salts, or the electrode potential, will be 
dependent upon the concentration of the ions of the metal in 
the solution and, of course, upon the metal itself. If P is the 
electrolytic solution pressure of the metal and p the osmotic 
pressure of the ions in the solution, we have: (a) if P > p 
(e.g, with zinc), the metal becomes negative in the solution; 
(b) if P <p (e.g. with copper or silver), the metal becomes 
positive in the solution; and (c) if P =p, the metal remains 
uncharged m the solution. The convention will be adopted 
in this book that the sign of the electrode potential is that of 
the metal: thus when the metal is positive with respect to the 
solution, it will be assumed to have a positive (+) potential. 
Other authors, particularly in the U.S.A., use the opposite 
algebraic sign. 

* Only in solutions in which the concentration, and therefore the osmotic 
pressure, of copper ions has been reduced to a very minute value (e.g. 
by the addit ion of excess of KCN and the formation of the complex ion 
[Cu(CN) 4] ) does metallic copper send ions into the solution and so becomes 

negatively charged. 
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The electrodes just referred to are reversible with respect to 
the cation: one may also have electrodes which are reversible 
with respect to an anion. Thus when silver, in contact with 
solid silver chloride, is immersed in a solution of potassium 
chloride, that is, when one has the electrode Ag/AgCl (solid), 
KCl/, the potential will depend upon the concentration of the 
chloride ion, and the electrode wiU be reversible with reference 
to this ion. The calomel electrode, described in a later Section, 
is also reversible with respect to the anion. 

Nemst (1889) deduced the following expression for computing 
the potential difference which exists between a metal and a 
solution of its ions, that is, for the electrode potential B : 


^ BT , p 


where B is the gas constant expressed in electrical units, JP is 
the quantity of electricity borne by one equivalent weight in 
grams (one Faraday), n the valency of the ions and T the 
absolute temperature. The expression reduces to ; 


0-0577 , p 


0-0591 


* log ~ volts, and ^ 25 ® == log ^ volts 

7t Jr 7% Jr 


at 18^0 and 25 respectively. The osmotic pressure p is 
directly proportional to the concentration of the solution and 
to the absolute temperature; the e.m.f. will therefore vary with 
the concentration. If the concentration is increased tenfold, 
the e.m.f. increases by 0*06 volt for a univalent ion, by 0-06/2 
= 0-03 volt for a bivalent ion, etc. The electrolytic solution 
pressure provides a measure of the tendency of the metal to 
be converted into ions or, since the formation of ions constitutes 
an oxidation, it is also a measure of the capacity of the metal 
to undergo oxidation. 

In order to determine the potential difference between an 
electrode and a solution, it is necessary to have another electrode 
and a solution, the potential difference between which is known. 
These two electrodes can then be combined to form a voltaic 
ceU, the e.m.f. of which can be directly measured. The e.m.f. 
of the cell is the algebraic difference between the two electrode 
potentials; the value of the unknown potential can then 
be calculated. In practice the standard electrode used 
for comparative purposes is the molar or normal hydrogen 
electrode. This consists of a piece of platinum foil, coated 
with platinum black by an electrolytic process, and immersed 
in a solution of hydrochloric acid, molar with respect to 
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hydrogen ions (more correctly in a solution of hydroGhloric acid 
containing hydrogen ions of unit activity). Hydrogen gas at 
a pressure of one atmosphere is passed over the foil through 
the side tube G (Fig. /, 29, 1) and escapes through the small 
openings -8 in the surrounding glass tube A; the foil is thus 
kept saturated with the gas. Connection between the platinum 
foE sealed into the tube D and an outer circuit is made vrith 
mercury in D. The platinum black has the remarkable pro- 
perty of adsorbing large quantities of hydrogen, and it permits 
the change from the gaseous to the ionic form and the reverse 
process to occur without hindrance; it therefore behaves as 
though it were composed entirely of hydrogen, that is, as a 
hydrogen electrode. Under fixed conditions, viz. of atmo- 
spheric pressure and molar concentration of hydrogen ions in 

the solution in contact with the 
electrode, the hydrogen electrode 
possesses a definite potential at 
aU temperatures. By connecting 
the molar hydrogen electrode with 
a metal electrode (a metal in con- 
tact with a molar solution of its 
J ions) by means of a salt (say 
potassium chloride) bridge, the 
molar or standard electrode 
potential of the metal may be 
determined directly. Other elec- 
trodes, particularly the calomel 
electrode and the silver-silver 
chloride electrode, the potentials 
of which have been determined 
by direct reference to the molar 
hydrogen electrode, are often used in practice owing to con- 
venience of manipulation. The former is referred to again in 
Section 1, 38, but for a fuller treatment the student is referred 
to text-books of physical chemistry.* 

When a rod of zinc is immersed in a molar solution of zinc 
ions and this is coupled with a molar hydrogen electrode, the 
resultant cell: 

Zn 1 Zn++(Jf) II H+{if) | Hg, Pt, 

* See, for example, S. Glasstone, JBooh of Physical Chemistry, Second 
Edition, 1Q47 (Macmillan). A detailed account is also to be found in the 
author’s T^~Book of Qimntitative Inorganic Analysis: Theory and Practice, 
Second Edition, 1951 (Longmans, Green & Go. Ltd.). 



Fig. J, 29, 1 
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has an e.m.f. of 0*76 volt. The two reactions which take place 
are:"' ■ ■ 

Zn ^, Zii++ +'2e, and H 2 — 2e v=^'2H+ ' 

The zinc pole is negative and therefore the zinc electrode is 
0*76 volt more negative than the hydrogen electrode/ or the 
potential of the molar zinc electrode is —0*76 volt (the molar 
hydrogen electrode is arbitrarily taken as equal to zero). 
Further, if one employs a copper electrode immersed in a molar 
solution of cupric ions, and couples this with a molar hydrogen 
electrode, the cell has an e.m.f. of 0*34 volt. The copper pole 
is now positive ; the potential of the molar copper electrode is 
accordingly +0*34 volt. 

The standard or molar electrode potential of an element may 
therefore be defined as the e.m.f. produced when a half cell 
consisting of the element immersed in a molar solution of its 
ions (more correctly in a solution of its ions possessing unit 
activity) is coupled with a molar hydrogen electrode, the 
potential of which is assumed equal to zero. Table /, 29, 1 
gives a list of standard electrode potentials at 25®(7; the sign 
of the potential here adopted is that of the charge on the 
electrode. 


Table I, 29, 1. Standabd Eleotrode Potentials at 25° G 


Li/Li+ 

-3*045 

Ct/GtH-i- 

-0-74 

K/K+ 

-2*925 

Fe/Fe++ 


Na/Na+ 

-2*714 

ca/cd++ 


Ba/Ba++ 


C 0 /C 0 ++ 

-0*277 

Sr/Sr++ 

-2-89 

Ni/Ni++ 

-0-250 

Ca/Ca++ 


Sn/Sn++ 

-0-136 

Ce/Ce+++ 

-2*48 

Pb/Pb++ 

-0-126 

Mg/Mg++ 

-2*37 

Pt(H2)/H+ 


Th/Tli++++ 


Cu/Cu++ 

+0-337 

Be/Be++ 

-1*85 

2Hg/Hg2++ 

+0-789 

V/V+-H- 


Ag/Ag+ 

+0-799 

AI/A1+++ 

-1-66 

Pd/Pd++ 

+0-99 

Mn/Mn++ 

Zn/Zn++ 

-1-18 

-0-763 

Au/Au+++ 

+1-5 


When metals are arranged in the order of their standard 
electrode potentials, the so-called electrochemical series of the 
metals is obtained. The greater the negative value of the 
potential, the greater is the tendency of the metal to pass into 
the ionic state. A metal with a more negative potential will 
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displace any other metal below it in the series from solutions 
of its salts. Thus magnesium, aluminium, zinc or iron will 
displace copper from solutions of its salts; lead will displace 
copper, mercury or silver ; copper will displace silver or mercury. 

The standard electrode potential is a quantitative expression 
of the readiness of the element to lose electrons. It is therefore 
a measure of the strength of the element as a reducing agent; 
the more negative the element, the more powerful its action as 
a reductant. 


I, 30. Calculation of electrode potentials. — The Nernst 
equation: 

BT^ p 


E: 




may be written in the form : 

„ BT. RT,-^ 

if-3log.y-3log.P 

BT 

At constant temperature the term — ^ loge P is a constant for 
a given metal; hence: 

BT 

^ loge + constant 

The gas laws may be written in the form p = BTc where c 
is the concentration of the positive ions in the solution. More 
accurately, the expression should be p = BTa^ where is the 
activity of the ions. 


Thus 


loge % + constant (Pq) 


BT 


The equation can be simplified by substituting the known values 
of the constants and converting the logarithms to base 10; it 
then becomes: 


« 0 - 0001982 P- , ^ 

== — . ; log a+ + Pq 


For a temperature of 25°C' {T = 298°) : 


^ 0*0591 , , ^ 

E^ “ *■ log + Eq 


(i) 


Before the introduction of the activity concept, the concentra- 
tion of the ions (in moles per litre) was used in place of the 
activity: 

0-0591 


E^ 


log + Eq 


(i') 
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The latter expression is sufficiently accurate for most practical 
purposes in qualitative analysis. 

For a non-metal, which yields negative ions, equation (i) 
becomes 


E 



0»Q591 

n 


log 


where is the activity of the negative ions. For purposes of 
calculation may replace a— 

It will be seen that for a solution of unit activity, where 
aj^ or is unity, E = E^: thus E^ is the standard or molar 
electrode potential of the element. Emowing the value of JSo> 
the potential for any concentration can be calculated with the 
aid of equation (i'). 

An interesting application of this equation is to the cal- 
culation of equilibrium constants. 


Example 16. Calculate the equilibrium constant of the reaction: 
ZnO + Cu++ ^ Zn++ -f Cuo 

This is the familiar displacement of cupric ions from solutions 
by metallic zinc. 

For the zinc electrode : 

= ^0 + ^ log [Zn++], 


= - 0-76 + 0-0296 log [Zn++] 

For the copper electrode : 

= -So + ^ log [Cu++] 

= + 0-34 + 0-0295 log [Cu++], 

At equilibrium E^^ = E^^ 

- 0*76 + 0*0295 log [Zn++] = -f- 0*34 + 0*0295 log [Cu++], 
[Zn++] 1*10 


or 


or 


log 


[Cu++] 

[Zn++] 


0-0295 
= 2+ W’ 


■■ 3-73, 


[Cu++] 

The equilibrium constant is given by: 

[Zn+H-3 X [CuO] 

[ZnO] X [Cu++] ~ 

Now [GuO] and [Zn®] refer to the solid metallic condition and can 
therefore be regarded as constant quantities. The equation thus 
reduces to: 

[Zn++] 


[Cu++] 
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The ratio of tlie ionic concentrations at equilibrium is shown aboTC 
to be 2 X and this is the equilibrium constant of the reaction. 
In practice this means that when metallic zinc is added to a solution 
containing cupric ions, reaction ceases when the ratio of the con- 
centration of the zinc ions produced to the concentration of the 
copper ions remaining in solution is 2 x 10^7, that is, a practically 
negligible quantity of cupric ions. For all ordinary purposes this 
may be taken as the complete removal of cupric ions from solution. 

I, 31. Concentration cells. — ^The electrode potential varies 
with the concentration of the ions in solution. Hence by 
bringing two electrodes of the same metal but immersed in 
solutions containing different concentrations of the ions of the 
metal into contact, a cell may be formed. Such a cell is termed 
a concentration cell. The e.m.f. of the cell will be the algebraic 
difference of the two electrode potentials. It may be calculated 
as follows. At 25°: 


E 


0-0591, , ^ 0*0591, 

log Cl + Eo log Cg 




n ^ • V ^ 

0*0591, Cl , 

= log where Ci > C 2 

Cg 

As an example we may consider the cell : 

• 1 AgNOaaq. || AgNOj aq. U 

^ 1 Ag+ = 0-00476ilf II Ag+ = 0-043M.i 


'o> 


E, El 

Assuming no potential difference at the liquid junction ; 

„ „ ' 0 - 0591 , 0-043 .... 

E = El — E 2 = — t— - log = 0-056 vdt 


1 


0-00475 


Concentration cells have an obvious application in the 
determination of the solubility of sparingly soluble salts. 


I, 32. Calculation of the e.m.f. of a voltaic cell. — One of 

the simplest of galvanic cells is the Daniell cell. This consists 
of a rod of zinc dipping in zinc sulphate solution and a strip of 
copper in copper sulphate solution; the two solutions are 
generally separated by placing one inside a porous pot and the 
other in the surrounding vessel. The cell may he represented : 
Zn I ZoSO^ aq. || CUSO 4 aq. | Cu 

At the zinc electrode, zinc ions pass into solution leaving an 
equivalent negative charge on the metal. Copper ions are 
deposited at the copper electrode, rendering it positively 
charged. By completing the external circuit, the current 
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(electrons) passes from the zinc to the copper. The chemical 
reactions in the cell are as follows: 

(а) zinc electrode — 

Zn ^ Zn++ + 

(б) copper electrode— 

Cu++ + 2e Gu 
The net chemical reaction is : 

Zn + Cu++ = Zn+t + Gu 

The potential difference at each electrode may be calculated 
by means of equation (i'), and the e.m.f. of the cell is the 
algebraic difference of the two potentials, the correct sign being 
applied to each. 

As an example, we may calculate the e.m.f. of the DanieiJ ceil 
with molar concentrations of zinc ions and cupric ions. 

= i? 0 (cu) -^ 0 ( 70 , = + 0-344 -- ( ~ 0-762) == 1-106 volts 

The small potential difference produced at the contact between the 
two solutions (the so-called liquid-junction potential) is neglected. 

I, 33. Oxidation-reduction cells. — Redustion is accompanied 
by a gain of electrons and oxidation by a loss of electrons. In 
a system containing both an oxidising agent and its reduction 
product, there will be an equilibrium between them and 
electrons. If an inert electrode, such as platinum, is placed in 
a redox system, for example one containing ferric and ferrous 
ions, it will assume a definite potential indicative of the position 
of equilibrium. If the oxidation tendency predominates, the 
system will take electrons from the platinum leaving the latter 
positively charged; if, however, the system has reducing pro- 
perties, electrons will be given up to the metal, which will then 
acquire a negative charge. The magnitude of the potential 
wifi thus be a measure of the oxidising or reducing power of 
the system. 

To obtain comparative values of the ‘'strengths ’’ of oxidising 
agents it is necessary, as in the case of the electrode potentials 
of the metals, to measure under standard experimental con- 
ditions the potential difference between the platinum and the 
solution relative to a standard of reference. The primary 
standard is the molar or normal or standard hydrogen electrode, 
and its potential is taken as zero. The standard experimental 
conditions for the redox system are those in which the ratio 
of the concentrations of the oxidant to the reductant is unity. 
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Tlitis for a ferrous-ferric chloride electrode, the redox cell would 


Pt 


Fe+++ 

Fe++ 


H+ 


H2(Pt) 


The potential measured in this way is called the standard 
oxidation potential. A selection of these is giyen in Table 
/, S3, 1. The sign of the potential is that of the electrode. 


Table 1, B8y 1. Standabd Oxn)Aa?iON Potbxtials at 25 


Electrode 

Electrode reaction 

E° 

Co 3 +,Co 2 +/Pt 

Co 3 + 

-f- 

e Co 2 + 

41*84 

Pb^+ Pb«+/Pt 

Pb*+ 

4 * 

2 e^Pb 2 + 

41*75 

Mia04”“,Mii02/Pt 
Mn04 ,Mn 2 +/Pt 

Mii 04 ’‘ + 4 H+ 

+ 

36 M11O2 4 - 2H2O 

41*59 

Mn04- + 8 H+ 

H- 

56 ^ Mn2+ 4 . 4H2O 

41*51 

Ce*+Ges+/Pt 

Ce*+ 

+ 

6 03 + 

41*45 

BrOg^Bra/Pt 

2 BrOs‘" 4 - 12 H+ + lOe Br- + CH-O ! 

41*45 

ci2,2or/pt 

Cl. 


2 e ^ 2 Cr 

41*36 

Cr207a-,2Cr8+/Pt 

+ 14 H+ + 

66 ^ 2 Cr»+ 4 - 7H2O 

41*36 

lOg-IJPt 

2 I 03 ~ + 12 H+ 

+ lOe ^ I2 + 6H2O 

41*20 

Br 2 , 2 Br /Pt 

Br. 


2 e ^ 2 Br'” 

+ 1-07 

Fe 3 +Fe»+/Pt) 

Pe»+ 

+ 

6 ^ Fea+ 

40*77 

HaAsOijHgAsO g/Pt 

H3ASO4 -f 2H+ 

-b 

2 e ^ HgAsOg 4 HgO 

40*56 

l2,2r/Pt 

I. 

+ 

26 ^ 21" 

40*53 

[Fe(CN)e]«-, 

[Fe{CN),Y-fPt 

Fe(CN)e3- 

4 - 

6 ^ Fe(CN)s*-‘ 

40*36 

Chi 2 +Cu/Pfc 

Cu2+ 

+ 

26 ^ Cu 

40*35 

Sn<+Sn2+/Pt 

Sii*+ 

+ 

26 ^ Sn 3 + 

40*15 

H+Hg/Pt 

2H+ 

4 - 

2e 

0*00 

Ti*+TP+/Pt 

Ti*+ 

4 - 

e^Ti 3 + 

-0*04 

Cr®+Cr 2 +/Pt 

03 + 

4 - 

6 ^ 03 + 

"0*41 

S%S*-/Pt 

S'* 

4 " 

26 ^ 83 - 

-0*48 

Zn*+Zn 

1 

Zn2+ 

4 - 

2e>iZn 

-0*76 


These oxidation potentials enable one to predict which ions 
will oxidise or reduce other ions at molar concentrations. The 
most powerful oxidising agents are at the upper end of the 
Table and the most powerM reducing agents at the lower end. 
Thus permanganate ions can oxidise OF, Br”, I“, Fe++ and 
Fe(CN)6 ions; ferric ions can oxidise AsOg" I", but not 
Cr 207 ” or Cl ions > It must be emphasised that oxidation 
potentials do not give any information as to the velocity of the 
reaction; in some cases, the presence of a catalyst is necessary 
in order that the reaction may proceed with reasonable velocity. 

In order to understand fully the significance of oxidation- 
reduction potentials and their application in calculations, it is 
advisable to consider that in all solutions of oxidants, some of the 
reduced form is always present : the concentration of the latter may 
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vary from a significant measurable quantity to an amount so small 
that it cannot be detected by any Imown method. A similar con- 
ception of reductants should be visuaKsed. Thus in solutions con- 
taining ferric ion, there is always present some ferrous ion, and 
vice versa. In the quantitative study of oxidation-reduction re- 
actions, both forms must always be considered, because, as we shall 
see in the following Section, it is their relative effective concentra- 
tions which determine the oxidising power or the oxidation potential 
of an oxidant. Examples of pairs include 12,21"“; ]lfc.04“,Mh++; 
Ee+++,Ee++; and Cr207 ,2(>+++. When, therefore, we speak 

of the oxidant <>207 , the pair or system Cr207 ,2Cr+'^+ is 

understood, notwithstanding the fact that chromic ion concentra- 
tion may be infinitesimally small. 

I, 34. Calculation of the oxidation potential. — reversible 
oxidation-reduction reaction may be written in the form 
(oxidant == substance in oxidised state, reductant = substance 
in reduced state) : 

Reductant Oxidant -f- ne 



The electrode potential which is established when an inert or 
unattackable electrode is immersed in a solution containing 
both oxidant and reductant is given by the expression : 


(i) 

where is the observed potential of the redox electrode 
at is the standard oxidising potential, > the number of 

electrons or negative charges gained by the oxidant on being 
converted into the reductant, and and a^^^ are the activities 
of the oxidant and reductant respectively. Since activities 
are often difficult to determine directly, they may be replaced 
by concentrations; the error thereby introduced is usually of 
no great importance. The equation therefore becomes: 

E,=Eo +^log/^ (f) 

Substituting the kno-vm values of B and J', and changing from 
natural logarithms to common or Briggsian logarithms (by- 
multiplying by 2-303), we have for a temperature of 25°f? 
(y = 298°): 



^ 71 ® [Bed.] 
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If the concentrations (or more accnrately the activities) of the 
oxidant and rednctant are equal, ==^ 
oxidation potential. It follows from this expression that, for 
example, a tenfold change in the ratio of the concentrations 
of the oxidant to the reductant produces a change in the 
potential of the system of 0-0591/^ volts. 

A simple example will illustrate the application of this 
formula. Consider the cell : 


Pt 


Fe+'H-(0.lJf) 
Fe++ (O-OOlJf) 


H+(liIf),H2 


Pt 


The e.m.f. is given by (the liquid Junction potential between 
the acid and salt solutions is neglected) : 


E = E^ 


0-0591 

1 


log 


[Fe+++] 

[Fe++] 


= +0-75 +0-069 log 


= 4. 0-75 + 0-118 = 0-87 volt 

The application of standard oxidation potentials to the 
calculation of equilibrium constants of simple ionic reactions 
is illustrated by the following example. 

Example 17. Calculate the equilibrium constant of the reaction: 
CI2 + 2Fe++ ^ 20*- + 2Fe+++ 

The equilibrium constant is given by: 

[Crp X [Fe+++]2 
[Oy X[Fe++P 

The reaction may be regarded as taking place in a voltaic cell, the 
two half cells being a Cl2,2Cl~ electrode and a Fe++, Fe+++ electrode. 
The reaction is allowed to proceed to equilibrium; the total voltage 
or e.m.f. of the cell will then be zero, i.e. the potentials of the two 
electrodes will be equal. 




C3l2,2< 


0-059 , [Cy , 0*059 , [Fe+++] 

log 12 “■ + + d j — log 


Now 


Eo 


log 


ccr]2 

ci2,2ci“’ — 1*36 volts and \£?®j'g++^jjiQ+++ 

[Fe+++]2 X Ia^2 ^ 0-59 

[Fe++]2 X [Cy ~ 0*0295 ' 
1-0x10^^ 


1 [Fe++] 

:0*77 volt, 

20-00 = log K, 


The large value of the equilibrium constant signifies that the reaction 
will proceed from left to right almost to completion. This is in 
harmony with the practically complete oxidation of a ferrous salt 
by chlorine, and the stability of a ferric chloride solution. 
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I, 35. Equilibrium Constant of Oxidation-Reduction Re- 
actions.— The general equation for an oxidation-reduction 
electrode may be written: 

l?A 'i' qB + rC . ..... -{-ne ^ sX. tY + uZ -j- . * • • * • 

The potential is given by : 


£1 + 


nF 


log. 


^ ••*••• 
(3^ * (S^Y ‘ •••*•• 


where a refers to activities, and n to the number of electrons 
involved in the oxidation-reduction reaction. This expression 
reduces to the following for a temperature of 25 *^(7 (concentra- 
tions are substituted for activities in order to permit of its 
facile application in practice) : 


E + 


Q-Q591 

n 


log 


Cx . Cy . Cg ...... 


It is, of course, possible to calculate the influence of change 
of concentration of certain constituents of the system by the 
use of the latter equation. Consider, for example, the per- 
manganate reaction : 

Mn 04 '“ + SH+ + 5e Mn++ + 4 H 2 O 


^ log (.t 25-C, 


The concentration (or activity) of the water is taken as constant, 
since it is assumed that the reaction takes place in dilute 
solution, and the concentration of the water does not change 
appreciably as a result of the reaction. The equation may be 
written in the form: 


E: 




This enables one to calculate the effect of change in the ratio 
[Mn 04 ’“] / [Mn++] at constant hydrogen ion concentration, or 
to compute the effect of change in the hydrogen ion concentra- 
tion, other factors being maintained constant. In this parti- 
cular case difficulties are experienced in the latter calculation 
owing to the fact that the reduction products of the perman- 
ganate ion vary at different hydrogen ion concentrations. In 


* More accurately, activities should be employed. The square brackets in 
heavy black (bold) type denote moleculaj* concentrations. 
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otber eases no such difficulties arise, and the calculation may 
be employed with confidence. Thus in the reaction : 

H3ASO4 + 2H+ + ^ HgAsOs + H2O, 


or 








The calculation of equilibrium constants of more complex 
oxidation-reduction reactions (compare Example 17, Section 
1, 34) is best illustrated by an actual example. 

Example IS, Calculate the equilibrium constant of the reaction: 

MnOr + hFe++ + 8H+ ^ Mn++ + 5Fe+++ + iHgO 

The equilibrium constant K is given by : 

^ _ [Mn++] X [Fe+++]5 

[MnOr] X [Fe++]5 x [H+]8 

The term 4 H 2 O is omitted since the reaction is carried out in dilute 
solution and the water concentration may be assumed constant. 
The hydrogen ion concentration is taken as molar. 

The complete reaction may be divided into two half-cell reactions 
corresponding to the partial equations: 

MnOr + 8H+ + 5e ^ Mn++ + 4 H 2 O 
and Pe++^Fe+++ + e 


(i) 

(it) 


For (i) as an oxidation-reduction electrode, one has : 
E 


p.0.. Q-p59 w PfaOn x [H->-]8 
^6 ^ Pln++] 

1.51 + PfP log 

5 ^ [Mh++] 


The partial ionic equation (ii) may be multiplied by 5 in order to 
balance (i) electricaUy: 


fiFc’^'^ hFe’^'^'^ -f- 5e 
For (iiO as an oxidation-reduction electrode: 

E 


_ 0 . 77 + “5? log 

^ 6 ^ P'o++]> 
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Combming the two electrodes into a cell, the e.m.f. will be zero when 
eqnilibrinm is attained: 

. . . 0-059 , [MnOn XPI+P 

,.e. 1-51 + log ^ 


[Mn++] X [Fe+++35 


DVInOr] X i:Fe++]5 X [H+]8 
[Ma++] X ^6+++]^ 


= 0•77 4-^log^^^^ 
5(1-51 - 0-77) 


0-059 
= 5-5 X 10^^ 


:62-7^ 


[MnOn X IFe++]5 x [H+]8 

This result clearly indicates that the reaction proceeds to completion. 


I, 36. The Ionic Product of Water. — ^Kohlrausch and Heid- 
weiUer (1894) found that the most highly purified water that 
can be obtained possesses a small but definite electrical con- 
ductivity. Water must therefore be slightly ionised in accor- 
dance with the equation: 


H20^H+ + 0H“* 

Applying the law of mass action to this equation, one obtains, 
for any fixed temperature: 


X <35 -oh:-. _ [H^] ■ [OH-] /h^ ./oh 

^20 [HgO] /h20 


= a constant, 


where a*, [a;], and refer to the activity, concentration and 
activity coefficient respectively of the species aj. Since water 
is only slightly ionised, the ionic concentrations will be small 
and their activity coefficients may be regarded as unity; the 
activity coefficient of the unionised molecules may also be 
taken as unity . The expression thus becomes : 


[H+] X [OH"“] 
[H2OJ 


== a constant 


* strictly speaking the hyckogen ion exists in water as the hydroxonium 
ion H3O+. The electrolytic dissociation of water should therefore be written; 

2 H 2 O ^H80+ + OH- 

On the Lowry-Bronsted hypothesis, water may be regarded as undergoing 
ionisation as an acid donating a proton to another molecule of water 
functioning as a base : 

Kp + MP ^ HaO^ + OH- 
Acidi Basea Adda Base/ 

For the sake of simplicity, the more familiar symbol H+ will be retained, 
particularly as in the subsequent discussion the term pH and not ^(HjO) is 
employed. 

4 
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In pure water or in dilute aqueous solutions, the coneentration 
of the undissociated water may be considered constant. Hence: 

[H+3x[OHl=^ 

is the ionic product of water. It must be pointed out that 
the assumption that the activity coefficients of the ions are 
unity and that the activity coefficient of water is constant 
applies strictly to pure water and to very dilute solutions (ionic 
strength > 0*01); in more concentrated solutions, in 
solutions of appreciable ionic strength, the electrical environ- 
ment affects the activity coefficients of the ions and also the 
activity of the unionised water. The ionic product of water 
vill then not be constant, but will depend upon the ionic 
environment. It is, however, difficult to determine the activity 
coefficients, except under speciaUy selected conditions, so that 
in practice the ionic product although not strictly constant, 
is employed. 

The ionic product varies with the temperature, but under 
ordinary experimental conditions (at about 25°) its value may 
be taken as 1 X 10^^^ with concentrations expressed in gram 
ions per htre. This is sensibly constant in dilute aqueous 
solution. If the product of [H"^] and [OH"’] in aqueous solu- 
tion momentarily exceeds this value, the excess ions will imme- 
diately combine to form water. Similarly, if the product of 
the two ionic concentrations is momentarily less than 10“^^, 
more water molecules will dissociate until the equilibrium value 
is attained. 

The hydrogen and hydroxyl ion concentrations are equal in 
pure water; therefore: 

[H+] = [OH^] = == 10"''^ gram ions per Htre at about 25° 

A solution in which the hydrogen and hydroxyl ion concentra- 
tions are equal is termed an exactly neutral solution. If [H+] 
is greater than 10“7, the solution is acid, and if less than 10“^, 
the solution is alkaline (or basic). It follows that at ordinary 
temperatures [OH~] is greater than 10~7 in alkaline solution 
and less than this value m acid solution. 

In all cases the reaction of the solution can be quantitatively 
expressed by the magnitude of the hydrogen ion (or hydrox- 
onium ion) concentration, or less frequently of the hydroxyl 
ion concentration, since the following simple relations between 
[H+] and [OH“] exist: 

[H+] == a^nd [OH ] == 
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The variation of with temperature is shown in Table 


Table J, 1. lowic PBODtJcr of Wateb at Vabioxjs Tempebatures 


Temp. {°G) 

X 10-1^ 

Temp. (°C') 

K X 10-14 

0° 

0-12 

35° 

2*09 

5° 

0*19 

40° 

2-92 

10° 

0*29 

45° 

4*02 

■ 15° 

0*45 

50° 

5*48 

20° 

0*68 

55° 

7*30 

25° 

1*01 

60° 

9*62 

30° 

147 




I, 37. Hydrogen Ion Exponent (pH). — For many purposes, 
especially when dealing with small concentrations, it is cumber- 
some to express concentrations of hydrogen and of hydroxyl 
ions in terms of gram equivalents per litre. A very convenient 
method was proposed by Sdrensen (1909). He introduced the 
hydrogen ion exponent pH defined by the relationships: 

pK = -logic [H+] = log or [H+] = 10-»“ 

The quantity pH is thus the logarithm of the reciprocal of the 
hydrogen ion concentration, or is equal to the logarithm of the 
hydrogen ion concentration with negative sign.*^ This method 
has the advantage that all states of acidity and alkalinity 
between those of solutions molar (or normal) with respect to 
hydrogen or hydroxyl ions, can be expressed by a series of 
positive numbers between 0 and 14. Thus a neutral solution 
with [H"*"] = lO™*^ has a pH of 7; a solution with a molar (or 
normal) concentration of hydrogen ions has a pH of 0 (== 10°) ; 
and a solution molar with respect to hydroxyl ions has 
[H+] — K^j [OH“"] = 10~i4yio° = and possesses apH of 
14. A neutral solution is therefore one in which pH == 7, an acid 
solution one in which pH < 7, and an alkaline solution one in 
which pH > 7. The greater the hydrogen ion concentration, 
the smaller is the pH. An alternative definition for a neutral 

* Strictly speaking pH should be defined in terms of activity, i.e. 
pH ~ — log Of aH+ = 10^®^ 

Because of uncertainties relating to single ion activities, it is usual in approxi- 
mate calculations to employ the concentration rather than the activity of the 
hydrogen ion when defining pH. Similar remarks apply to pOH. 
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solution is one in which the hydrogen ion and hydroxyl ion 
concentrations are equal. In an acid solution the hydrogen 
ion concentration ' exceeds the hydroxyl ion concentration, 
whilst in an alkaline or basic solution the hydroxyl ion con- 
centration is the greater. 

Examples.— (i) Find the 'pH of a solution of which [H+] == 4-0 x 
lO-s; ■ 

Log 4*0 = 0*602, hence log 4*0 x 10“^ is 

6*602 ^ 0*602 - 5 = - 4*398 

(the decimal part or mantissa of the logarithm is always positive). 
pK^- log [H+] ===--(- 4*398) = 4-S98 

(ii) Find the hydrogen ion concentration corresponding to 
pH =6*643. 

pH = ~ log [H+] = 5*643; /. log [H+] == -- 6*643 

This must be written in the usual form containing a negative charac- 
teristic and a positive mantissa ; 

log [H+] = ~ 6*643 = 6*357 

Referring to a table of antilogarithms, the number corresponding 
to the logarithm 0*367 is 2*28; the number corresponding to the 
logarithm 6*357 is accordingly 2*28 X 10~6. 

[H"^] is therefore 2-28 X 

(iii) Calculate the pH of a 0*01 molar solution of acetic acid (the 
degree of dissociation is 12*5 per cent). 

The hydrogen ion concentration is 0*125 x 0*01 == 1*26 x 10-3. 
Now log 1*26 =0*097; 

= - ( - 3 + 0*097) = 2*P(13 

The hydroxyl ion concentration may be expressed in a 
similar way: 

pOR = - logio [OH~] = log |Q^, or [OH~] == 10-'’°'* 

If one writes the equation : ^ ^ ^ 

[H+] X [GH-] = J5:„ = 10-1^ 

in the form: 

log [H+] + log [OH“] = log = —14 
then^jH +jpOH = pK„ = 14. 

This relationship should hold for all dilute solutions at about 



38] The Theoretical Basis of Qualitative Analysis lOi 

Kg. J, 37, 1 wiir as a useful mnemonic for the relation 
between [H+], pRy [OH ] and pOR in acid and alkaline 
solution. 

The logarithmic or exponential method has also been found 
useful for expressing other small numerical quantities w'hich 
arise in qualitative analysis. These include (i) dissociation 

r« ijri 4 B;rt3 
[H+J1^0)10 10 10 10 10 10 10 10 10 10 10 10 10 10 

pH 0 1 2 3 4 6 6 7 8 9 10 11 12 13 14 


pOH 14 13 12 11 10 9 8 7 6 6 4 3 2 1 0 

[OH']io^‘*i6'® 1(5'“ ii5" io'°i6® 10 ® io’ 1CI® 1(5® Id"* Id® id® id' i(io°) 


Acid I Alkaline 

Neutral 


Fig. I, 37 , 1 


constants, (ii) other ionic concentrations, and (iii) solubility 
products. 

(i) For any acid with a dissociation constant of 

1 


pK^ == —log = log 




Similarly for any base with dissociation constant ILj 

1 . 

■ ^ ' ■ ■■ 

Vj* ' i 2 J^JLiS3S 


pK, 


-log 


‘osf. / 

(ii) For any ion I of concentration [I] : ! I -■> ^ 


pi = -log [I] = log 


Thus for [Na+] 

(iii) For a salt with solubility product S : 


8 X s 


pS 


-log s = log I 


I, 38, Determination of the Hydrogen ion Concentration, 
— ^The hydrogen ion concentration of a solution is of great 
importance both in pure and in applied chemistry. Two 
methods are commonly employed for its estimation, (a) the 
colorimetric method and (6) the electrometric method. 

The Colorimetric Method, In this method one employs 
what are known as indicators. An indicator is a substance 
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wMcli varies in colour according to the hydrogen ion concen- 
tration. It is generally a weak organic acid or base and is 
employed in very dilute solution. The change in colour is 
usually due either to the production of different tautomeric 
forms of the original substance or to the formation of coloured 
ions; the formation of these takes place over a small but 
defiiiite pH range. The hydrogen ion concentrations at which 
different indicators exhibit their colour change have been 
determined by direct electrometric methods; the pH range 
over which the indicator is applicable is thus known. Table 
J, 38 j 1 summarises the pH values of a number of the more 
common indicators. 

There are two methods for the determination of the pH of a 
solution colorimetrically. 

A. Buffer Solution Method. The approximate pH of the 
solution must be found first with the aid of a multiple-range 
indicator solution (for example, the B.D.H. ‘'universar’ indica- 
tor*), by the systematic use of a number of indicators, or by 
the use of indicator test papers. f A ‘'wide range” or "uni- 
versal” test paper, covering pH 1-2 to 10, is marketed, as well 
as a number of "narrow range” indicator test papers which 
cover most of the pH range in steps of 1 -5-2 pH units. Colour- 
matching charts are supplied by the manufacturers to show the 
change in colour at 0*3 pH intervals. The test papers are best 
used, and their accuracy is greatest, by dipping the papers into 
the fluid : if the test solution is " spotted ” on the indicator paper 
the colour shade of the spot produced may vary from the 
centre outwards and some difS.culty may be experienced in 
deciding which shade to consider as showing the actual pH. 
The test papers tend to deteriorate with storage. For the 
average observer, it is doubtful whether the test papers permit 
the determination of pH closer than to 0»5~1 pH unit, but this 
suffices for many purposes. 

A series of buffer solutions (Sections 1, 39 and A, 4) is selected, 
differing successively in pH by about 0*2, covering the pH 

* A “uaiversar’ indicator may be prepared, after Bogen, by dissolving 
0*2 g. of pbenolphthalein, 0*4: g. of methyl red, 0*6 g. of dimethylaminoazo- 
benzene, 0*8 g. of bro mo thymol blue and 1*0 g. of thymol blue in 1 litre of 
absolute ethyl alcohol. Dilute sodium hydroxide solution is added dropwise 
until the colour changes to the yellow corresponding to the neutral region. 
The colours over the pH scale are: 

pH 2 4 6 8 10 12 

Colour red orange yellow green blue purple 

t Manufactured in Great Britain by British Drug Houses Ltd., Poole, 
Dorset, and by Johnsons of Hendon Ltd., Hendon Way, London, 3Sr.W.4. 
Equivalent test papers are available in the tJ.S.A. 
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range of the solutions under investigatioii; the range of buffer 
solutions required will be indicated by the preliminary |)H 


Table I, 38, L Coloue Chahgbs ano Range or Some 
Indicators 


Indicator 

Chemical name 

Colour in 
acid 
solution 

Colour in 
dfikalAine 
solution 

pH 

range 

Brilliant cresyl 

Aaxuno-diethylammo- 

Red- 

Blue 

0*0-b0 

blue (acid) 

a-Naphtbol- 

methyl diphenazonium 
chloride 

orange 

Colour- 

YeUow 

0*0~0’8 

benzein (acid) 
Methyl violet 

Pentamethyl p~rosaniline 

less 

Yellow 

Blue- 

0*0-1 -8 

Gresol red 

hydrochloride 

o-Cresolsulphone- 

Bed 

green 

YeUow 

l*2-2*8 

(acid) 

Ihymoi blue 

phthalein 

Thymol-sulphone- 

Bed 

YeUow 

1 •2-2*8 

(acid) 

Meta cresol 

phthalein 

m-Cresolsulphone- 

Bed 

YeUow 

l*2-2*8 

purple 

Bromo-phenol 

phthalein 

Tetrabromophenol- 

YeUow 

Blue 

2*8-4*e 

blue 

Methyl orange 

sulphone phthalein 
Dimethylamino-azo- 

Red 

YeUow 

3-1-4-4 

Congo red 

benzene-sodium 

sulphonate 

Diphenyl-bis-azo-a- 

Violet 

Red 

3-0-5-0 

Bromo-cresol 

naphthylamine-4- 
sulphonio acid 
Tetrabromo-w-cresol- 

Yellow 

Blue 

3*8-6*4 

green 

Methyl red 

sulphone-phthalein 

o-Oarboxybenzene-azo- 

! 

Bed 

YeUow 

4*2-6*3 

Chloro-phenol 

dimethylaniline 

Dichlorophenol- 

Yellow 

Bed 

4-8-6*4 

red 

Azolitmin 

sulphone-phthalein 

Red 

Blue 

5*0-8*0 

(litmus) 





Bromo-thymol 

Dibromo-thymol- 

Yellow 

Blue 

^ 6*0-7*6 

blue 

Diphenol 

sulphone-phthalein 

o-Hydroxy-diphenyl- 

1 

Yellow 

Violet 

7-0-8-6 

purple 

Ciesol red 

sulphone-phthalein 

o-Cresol-sulphone- 

YeUow 

Red 

7‘2-8*8 

(base) 

a-Naphthol- 

phthalein 

a-Naphthol-phthalein 

YeUow 

Blue 

, 7*3-8*7 

phthalein 




Thymol blue 

Thymol-sulphone- 

YeUow 

Blue 

8*0-9*6 

(base) 

a-Naphthol- 

1 phthalein 

YeUow 

Blue- 

8*2-10*0 

benzein (base) 
Phenol- 

Phenol-phthalein 

Colour- 

green 

Red 

8-3-10-0 

phthalein 

Thymol- 

Thymol-phthalein 

less 

Colour- 

Blue 

9*3-10*5 

phthalein 
Brilliant cresyl 

(See above) 

less 

Blue 

YeUow 

10*8-12*0 

blue (base) 
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determination. Eqml voliimes, say 5 or 10 ml., of tlie buffer 
solutions differing successively in by about 0*2 are placed 
in test-tubes of colourless glass and having approximately the 
same dimensions, and a small quantity of a suitable indicator 
for the particular pH range is added to each tube. A series of 
different colours corresponding to the different pH values is 
thus obtained. An equal volume (say 5 or 10 ml.) of the test 
solution is treated with an equal volume of indicator to that 
used for the buffer solutions, and the resulting colour is com- 
pared with that of the individual coloured, standard buffer 
solutions. When a complete (or almost complete) match is 
found, the test solution and the corresponding buffer solution 

have the same pH within 0*2 pH 
unit. For matching the colours, 
the buffer solutions may be arranged 
in the holes of a test-tube stand in 
order of increasing pH ; the test 
solution is then moved from hole 
to hole until the best colour match 
is obtained. Special stands and 
standards for making the com- 
parison are available commercially 
{e,g. from The British Drug Houses 
Ltd.). The commercial standards, 
prepared from buffer solutions, are 
not permanent and must be checked 
every six months. 

For turbid or slightly coloured 
solutions, the direct-comparison 
method given above can no longer 
be applied. The interference due to the coloured substance 
can be eliminated in a simple way by a device due to 
H. Walpole (1916), In Fig. J, S8, 1, A, B, 0 and D are glass 
cylinders with plain bottoms standing in a box, which is 
painted dull black on the inside. A contains the coloured 
solution to be tested (here the test solution -j- indicator), B 
contains an equal volume of water, 0 contains a solution of 
known strength for comparison (here the standard buffer 
solution -f indicator), whilst D contains the same volume of 
the solution to be tested as was originally added to A. The 
colour of the unknown solution is thus compensated for. 

B. Comparator (or Permanent Colour Standard) Method. 
In this procedure comparison is made with a series of per- 
manent glass colour standards. Nine glass colour standards 


i 


RsCT i 






.tfasa 


LI6HT ^ 


ISSSS^ 


Fig. J, 38 , 1 
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are fitted into a disc, and the latter is inserted into a comparator, 
which is famished with four compartments to receive small 
test-tubes or rectangular glass cells, and is also provided with 
an opal glass screen* The disc can revolve in the comparator, 
and each colour standard passes in turn in front of an aperture 
through which the solution in the cell (or cells) can be observed. 
As the disc revolves, the _pH value of the colour standard 
visible in the aperture appears in a special recess. The Lovi- 
bond comparator^ is shown in Fig. /, 38,2: this may be used 
with 13-5 mm. test-tubes or 13*5 mm. rectangular cells. The 
comparator is employed with B.D.H. indicators. The colour 
discs available include cresol red (acid and base range) thymol 
blue (acid and base range), bromophenol blue, bromocresol 



blue, bromocresol green, methyl red, chlorophenol red, bromo- 
cresol purple, bromothymol blue, phenol red, diphenol purple, 
cresol red, thymol blue and the B.D.H. ‘‘universar’ indicator 
— ^the jpR ranges for these indicators are given in Table I, 38, 1. 

A determination of the approximate pH of the solution is 
first made with a ‘^universar^ or “wide range’’ indicator or 
with indicator test papers (see under A), and then a suitable 
disc is selected. Ten ml. of the unknown solution is placed 
in the glass test-tube or cell, the appropriate quantity of 
indicator (usually 0-5 ml.) is added, and the colour is matched 
against the glass disc. Provision is made ia the apparatus for 

* Manufactured by The Tintometer Ltd,, Milford, Salisbury, England. A 
similar apparatus is marketed by Hellige, Ino., of Long Island City 1, N.Y., 
P'.S.A. : this utilises Merck’s (XJ.S.A.) indicators. The glass discs in the two 
instruments are not interchangeable. 
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the application of the Walpole technique — by the insertion of 
a '' blank 'V containing the solution. It is claimed that results 
accurate to 0*2 j?H unit can be obtained. 

The Electrometric Method. The e.m.f. of a concentra- 
tion cell at 25® is given by (Section I, 31): 



0*0591 

n 



It a hydrogen electrode (Section I, 29) is immersed in the 
solution the pH of which is to be measured, and this half cell 
coupled with a molar (or normal) hydrogen electrode by means 
of a potassium chloride solution bridge in order to eliminate 
liquid junction potential, the e.m.f. of the resulting cell: 

Pt I Hg, II Hg, H+ I Pt, 
a = 1 a 


may be measured. 

XT w 0*0691 , 1 . 

Here jE == — = — log (at ca. 26 ), 

1 

= 0*0691 pH 
A pH = J?/0*0591 

The use of the molar hydrogen electrode as a standard 
electrode or half cell presents certain practical difficulties. It 
is usual to employ some form of the calomel electrode as a 
secondary standard half cell. A calomel electrode is one in 
which mercuiy and calomel are covered with a potassium 
chloride solution of definite concentration; this may be 0*1W, 
N, d-5N or saturated. The potassium chloride solution must 
be saturated with calomel. The potential of, say, the saturated 
calomel electrode (i.e. that prepared with saturated potassium 
chloride solution) must first be determined with reference to 
the molar hydrogen electrode. Let this value be designated 
^'nr the measurement of hydrogen ion concentration 
one then employs the ^ ^ ^ 

Hg 1 HgsCla, KCi(satd.) H H+, H^ 1 Pt 
Let the resultant e.m.f. be One then has at 25®: 

-0*0591 log [H+], 

^TT laat.) 

^ 0-069I 


The value of Eccu. (sat.) is 0*246 volt at 25®. The corresponding 
figures (at 25®) for the decinormal and normal calomel electrodes 
are 0*337 and 0*285 volt respectively. 
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A simple form of calomel electrode smtable for elementary 
work is illustrated in Fig. J, 38, 3. It consists of a glass vessel 
provided with, a bent side tube A and another side tube B, 
over the end of which a piece of rubber tubing is placed which 
can be closed by a spring or screw clip. Electrical connexion 
with the electrode is made by means of a platinum wire, sealed 
through a glass tube 0 ; the latter contains a little pure mercury 
into which an amalgamated copper wire dips. To set up the 
electrode a saturated solution of anai 3 rbicaliy pure potassium 
chloride containing some solid salt is first prepared. Pure 
paercury to a depth of about 0*5 cm. is placed in the bottom 
of the dry electrode vessel; the mercury is then covered with 
a layer of calomel paste. The latter is 
prepared by rubbing pure calomel, 
mercury and saturated potassium chloride 
solution together in a mortar; the 
supernatant liquid is poured off and the 
rubbing process repeated twice with 
fresh quantities of saturated potassium 
chloride solution. The rubber stopper 
carrying the glass tube and platinum wire 
is then inserted, care being taken that 
the platinum wire dips into the mercury. 

The vessel is then filled with a saturated 
solution of potassium chloride (previously 
saturated with calomel by shaking with 
the solid salt) by drawing in the solution 
through the bent tube A and then closing 
the rubber tube B with a clip. The 
electrode is then ready for use. 

The preparation of reproducible 
hydrogen electrodes is a comparatively 
tedious process. The electrode cannot be employed in the 
presence of reducible substances or of ions which have 
positive electrode potentials (see Table /, 33, 1), such as 
copper, silver and gold. Biilmann (1921) introduced the 
qninhydrone electrode; this renders the determination of pH 
a rapid and simple process and does not involve the use of 
hydrogen gas. The underlying theory is as follows. Let us 
consider the reversible reduction of quinone to quinhydrone in 
acid solution: 

CeH^Og + 2H+ + 2e ^ C6H4(0H)2 
This is a reversible oxidation-reduction system and the potential 
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of an inert electrode, such as platinum, immersed in the system 
IS given by:, ; 

i?r _ jpa I I^Q, <^Q*^+ 

E-Eo+^log^-—, 

= £0+_iog. _ +— log.aH+, 

where %+, % 2 Q activities of the quinone, hydrogen 

ions and hydroquinone respectively, and W is the standard 
potential referred to the molar hydrogen electrode. If the 
solution contains equi-molecular amounts of quinone and hydro- 
quinone, the ratio of the activities may be regarded as unity : 

ET 

E = Eo + — loge %+ (i) 

The sparingly soluble substance quinhy drone is a molecular 
compound of quinone and hydroquinone, CeH 402 .C 6 H 4 ( 0 H) 2 , 
and dissociates into the two components when dissolved in 
water ; it follows, therefore, that in the range over which 
this compound is stable, equation (i) holds. It may therefore 
be employed for the determination of pH. E^ has been 
determined in the usual manner by direct reference to the 
molar (or normal) hydrogen electrode, and has a value of 0-704 
volt at 18° and 0-699 volt at 25°. By making the usual sub- 
stitution for the known values of the constants in equation (i), 
one obtains at 25°: 


,E7 === 0*699 + 0*0591 log (%+ 

Thus the potential of the quinhy drone electrode changes with 
the hydrogen ion activity in a manner which is exactly similar 
to that of the hydrogen electrode. 

To determine the pH of a solution, the quinhydrone electrode 
may be combined with a calomel electrode, thus forming the 
ceU: 

Hg I Hg 2 Cl 2 , KCl (satd.) 1 1 Solution, quinhydrone [ Pt 

The potential of the saturated calomel electrode, 
against the molar hydrogen electrode is 0*246 volt at 25°. 

Hence E,^, = E^^^ ^ E^, 


= 0*699 -b 0*0591 log [H+] - 0*246. 
= 0*453 -f 0-0591 log [H+] 


-log [H+] =pH = 


0*453>-J^. 


0-0591 
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To cany oiit the determination of the hydrogen ion con- 
centration of a solution, about 1 gram of quinhydrone per 
100 ml. of the solution is added, and the solution stirred. A 
bright platinum electrode is immersed in the solution and the 
quinhydrone electrode combined in a cell with a saturated 
calomel electrode; a saturated solution of potassium chloride 
may be used as the salt bridge. The e.m.f. of the cell is 
determined and the jpH calculated. The e.m.f. is measured by 
the potentiometer method based upon the Poggendorff com- 
pensation principle ; details of this will be found in text-books 
of physical chemistry*. It must be pointed out that the quin- 
hydrone electrode carmot be employed in alkaline solutions 
in which the j^H is greater than 8, for the ratio of quinone to 
hydroquinone is no longer unity f. 

Determinations of can be rapidly made with the aid of a 
glass electrode and a^H meter: a description of these is outside 
the scope of this volume.* 

I, 39. Buffer Solutions. — solution of O-OOOlJf hydrochloric 
acid should give a equal to 4, but the solution is extremely 
sensitive to traces of alkali from the glass of the containing 
vessel and to ammonia from the air. Likewise a O-OOOlil? 
solution of sodium hydroxide, which should have a of 10, 
is sensitive to traces of carbon dioxide from the atmosphere. 
Aqueous solutions of potassium chloride and of ammonium 
acetate have a pH of about 7. The addition of 1 ml. of molar 
hydrochloric acid to 1 litre of the solution results in a change 
of pH to 3 in the former case and in very little change in the 
latter. ^/The resistance of a solution to changes in hydrogen 
ion concentration upon the addition of acid or alkali is termed 
buffer action; a solution which possesses such properties is 
known as a buffer solution. It is said to possess ‘^reserve 
acidity ’’ and “reserve alkalinity. ” Solutions of which the pH 
values (determined by reference to the hydrogen electrode) are 
known, which can be readily prepared and which are unaffected 
by small additions of alkali or acid, are required for the colori- 
metric determination of hydrogen ion concentration and for 
other purposes. 

Buffer mixtures usually consist of solutions containing a 
mixture of a weak acid or base and its salt. In order to 

* A detailed account is also given in the author’s Text B ooh of 
Inorganic Analysis i Theory and Practice, Second Edition, 

Green & Co. Ltd.). 

f This is partly due to the facile oxidation of hydroquinone in alkaline 
solution and partly to the ionisation of hydroquinone as a weak dibasic acid. 
The effect of the latter is reduced in buffered solutions. 
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understand buffer action, let ns study first the equiHbrinm 
between a weak acid and its salt. The dissociation of a weak 
acid HA is given by: 

HA^H+ + A~ 

and its magnitude is controlled by the value of the dissociation 
constant K^: 


^ =Z., or 0^+=— (i) 

Omk Cf-A”" 

where % refers to the activity of the species X. The expression 
may be approximated by writing concentrations for activities 
(strictly speaking, it will be recalled (Section I, 11), activity == 
concentration X activity coefficient) : 

[H+] = ^jxiir. (ii) 

This equilibrium applies to a mixture of an acid HA and its 
salt, say, MA. If the concentration of the acid be and that 
of the salt be Cg, then the concentration of the undissociated 
portion of the acid is — [H+]. The solution is electrically 
neutral, hence [A~] =% + [H+] (the salt is completely dis- 
sociated). Substituting these values in the equilibrium equa- 
tion (ii): 

This is a quadratic equation for [H+], and may be solved in 
the usual manner. It can, however, be simplified by intro- 
ducing the following approximation. In a mixture of a weak 
acid and its salt, the dissociation of the acid is repressed by 
the common ion effect, and [HH-] may be taken as negligibly 
small by comparison with and Cg. Equation (iii) then reduces 
to: 


[H+] 


= or [H+] = 

or joH = pK^ + log 


[Acid] 

[Salt] 

[Salt] 

[Acid] 


X A, 


(iv) 

(V) 


Similarly for a mixture of a weak base of dissociation con- 
stant and its salt with a strong acid: 

[Base] 


[0H-] 


[Salt] 


X Ku 


(ri) 


pOR = pKi, -f log 


[Salt] 

[Base] 


or 


(vii) 
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A simple example is a mixture of ammonia and ammonium 
cMoride solution : the OH concentration has a small value, 
which is sufficient to precipitate the hydroxides of the Grroup 
IIIA metals with small* solubility products but not those of 
the metals of the later Groups. 

Let us confine our attention to the case in which the con- 
centrations of the acid and its salt are equal, i,e. of a half 
neutralised acid. Then Thus the of a half 

neutralised solution of a weak acid is equal to the negative 
logarithm of the dissociation constant of the acid. For acetic 
acid == 1*82 X = 4-74; a half neutralised solution 

of, say, Odlf acetic acid will have a jpH of 4-74. If one adds 
a small concentration of H+ ions to such a solution, the former 
will combine with the acetate ions to form undissociated acetic 
acid. 

H++C2H302""^H.C2H302 

Similarly, if a small concentration of hydroxyl ions be added, 
the latter will combine with the hydrogen ions arising from the 
dissociation of the acetic acid and form unionised water; the 
equilibrium will be disturbed and more acetic acid will dis- 
sociate to replace the hydrogen ions removed in this way. In 
either case, the concentrations of the acetic acid and acetate 
ion (or salt) will not be appreciably changed. It follows from 
equation (v) that the pH of the solution will not be materially 
affected. 

The solution containing equal concentrations of acid and 
salt, or a half neutralised solution of the acid, has the maxi- 
mum buffer capacity. Other mixtures also possess consider- 
able buffer capacity, but the pH will differ slightly from the 
half neutralised acid. Thus in a quarter neutralised solution 
of acid, [Acid] =3[Salt]: 

pH = piT^ + log 1/3 =:= pZ^ + T-52, 

For a three-quarter neutralised acid, [Salt] = 3 [Acid]: 
pH =pZ^ +log3, 

^ -f 0-48 

In general, it may be stated that the buffering capacity is 
maintained for mixtures within the range 1 acid : 10 salt and 
10 acid : 1 salt. The approximate pH range of a weak acid 
buffer is: 

pH = pZa ± 1; 
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tlae ooBcentration of the acid is usually of the order 0*05-0*2 
molar. Similar remarks apply to weak bases. 

The preparation of a buffer solution of a definite pH is a 
simple process if the acid (or base) of appropriate dissociation 
constant is found; small variations in pH are obtained by 
variations in the ratio of the acid to the salt concentration. 
One example is given in Table J, 39, 1. 

Table I, S9, 1. pR or Acetic Acid — Sodium Acetate Bueebb 

Mixtubbs 


10 ml mixtures of x ml. of 0*2ikf acetic acid and y ml. of 0*2^ 
sodium acetate 


Acetic Acid {x ml.) 

Sodium Acetate (y ml.) 


9-0 

1-0 

3-72 

8-0 

2*0 

4*05 

7-0 

3-0 

4-27 

6-0 

4-0 

4*45 

5-0 

6-0 

4*63 

4-0 

6-0 

4*80 

30 

7-0 

4*99 

2-0 

8-0 

1 5*23 

10 

90 

5*57 


Before leaving the subject of buffer solutions it is necessary 
to draw attention to a possible erroneous deduction from 
equation (v), namely that the hydrogen ion concentration of 
a buffer solution is dependent only upon the ratio of the con- 
centrations of acid and salt and upon and not upon the 
actual concentrations; otherwise expressed, that the pH of such 
buffer mixture should not change upon dilution with water. 
This is approximately although not strictly true. In deducing 
equation (ii) concentrations have been substituted for activities, 
a step which is not entirely Justifiable except in dilute solution. 
Theoretically, the expression controlling buffer action is : 

%+ = ^ X X K (viii) 

where a and / refer to activities and activity coefficients 
respectively of the species indicated in the subscript. The 
activity coefficient of an undissociated acid is approximately 
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uiuty in dilute Expression (viii) thus be- 
comes:' , ■ ■ ■ 


or 




[Acid] 


X JT, 


[Salt] x A- 
: pZ, + log [Salt]/[Acid] + log A- 


(ix) 

(X) 


The activity coefficient of the ion A.- generally increases with 
decreasing ion concentration, so that when a buffer solution is 
diluted A- increases and consequently aH+ wiU decrease (or 
will increase). Eor most practical purposes the change is 
small, but for precise measurements the change must be taken 
into account.* Thus it has been calculated that if a buffer 
solution containing 0-lZ acetic acid and 0-lN sodium acetate 
is diluted with an equal volume of water, the changes from 
4-52 to 4-58. The addition of neutral salts to a buffer mixture 
results in a change of the ionic strength of the solution: this 
will affect the activity coefficients of the ions and therefore the 
pK of the solution. The results (due to R. P. Bell, 1952) for 
the pH at 20® of a formate buffer at various ionic strengths I 
clearly illustrate this point. The ratio [HCOOH] / [HCOO""] 
was maintained at 2*96 throughout. 


[HCOOH] 

[HCOO"] 

[HaCl] 

/ 

pH 

0-0296 

0*0100 



0-011 

2-18 

0*1480 

0-0500 

— 

0*060 

2-10 

0-2960 

0-1000 

— 

0-100 

2-03 

0-1776 

0-0600 

0-0400 

0-100 

2-03 

0-0987 

0-0300 

0-0667 

0-100 

2-03 


Unless K therm, known and activity coefficients are taken 
into account, it is advisable for accurate work to check the 
pH of the buffer solution by means of the hydrogen electrode. 
The following standard buffer solutions have been proposed, 
the pH values refer to 25®: O-llf EHC204,H2C204, 2H2O, 
pH 1*48; saturated potassium hydrogen tartrate, pH 3-57; 
0*05 Jf potassium hydrogen phthalate, pH 4*00; O-llT 
CH3COOH + 0*lif CHgGOOHa, pH 4*64; 0*005i!f Na2B407, 
IOH2O, pH 9*18 (see also Section A, 4). 

A number of examples of calculations involving buffer 
solutions are given below and should be useful to the student. 
Interionic effects are not taken into account. 


* For a more detailed discussion, see the author’s Text Booh of Quantitative 
Inorganic Analysis: Theory and Practice, Second Edition, 1961; R. P. Bell, 
Acids and Bases ^ 1952 (Methuen). 
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Example 19. Calculate tke plS. in a solution wMch is 0*lJf m 
acetic acid and 0*2if in sodium acetate. (K^, = 1-82 X 10~^) 

To a first approximation, equation (v) : 

= jpZ, + log [Salt] / [Acid] 

= 4-74 + log 2/1 = 4-74 + 0-30 
= 5-04 


Tlie hydrogen ion concentration in 0 *lif acetic acid is 1 *35 X g. 
ion per litre (Section I, 14, Example ^), i,e. the solution has a pM 
of|-87, 

"Example 20. Given a solution which is 0*1 Jf in acetic acid and 
0*1 Jf in sodium acetate, calculate the when (a) 1 ml. of lOiV* 
hydrochloric acid and ( 6 ) 2 ml. of 5A sodium hydroxide is added to 
1 litre of the buffer solution. (The change in volume of the solution 
may be neglected.) 

The pE. of the solution, computed from equation (v), is 4*74. 
(a) The hydrochloric acid is completely ionised: it gives a [H+] = 
10/1,000 == 0-01 g. ion per litre. The 0*01 mole of hydrogen ions 
will combine with 0*01 mole of acetate ions to yield 0*01 mole of 
practically undissociated acetic acid. Hence [C 2 H 3 O 2 ”] = 0*10 
0*01 = 0*09, and [H.C 2 H 3 O 2 ] = 0*10 + 0*01. 


[H+] = Z, X [H . C 2 H 302 ]/[C 2 H 302 ~] = 1*82 x 10~5 

X (0*11/0*09) 

= 2*22 X 10--5 


i.c. pE^4^66 

Thus the change m pE upon adding the strong acid is from 4*74 
to 4*66 only. K the strong acid were added to 1 litre of water 
(^)H = 7-0), the ^H change would be from 7*0 to —log (0*01) = 
2*0, i.e. by 5 units. ( 6 ) The 2 ml. of 5N sodium hydroxide solution 
in 1 litre of water gives a concentration of 0*01 g. mole of NaOH 
per litre. The 0*01 mole of MaOH will neutralise 0*01 mole of acetic 
acid to form 0*01 mole of acetate ion. Hence [G 2 H 302 ”^] ==0*10 -b 
0*01 = 0*11 and [H.CgHsOg] = O-lO - 0 * 01 . 

[H+] = 1*82 X 10~5 X (0*09/0*11) = 1*49 x 10-5 
or ^H = 4-83 


Thus the change m ^H upon adding strong alkali to the acetate 
buffer is from 4*74 to 4 * 83 . If the sodium hydroxide solution were 
added to 1 litre of water, [H"^] = / [OH”*] =10-1^/0*01 == 

1*0 X 10 - 12 , or ^H = 12 : thus the change in pE is from 7*0 to 12 , 
i.e, by about 5 pH units. 


I, 40. HYDROLYSIS OF SALTS 

Salts may be divided into four main groups: 

I, those derived from the strong acids and strong bases, e.g. 
potassium chloride; 
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II, those derived from weak acids and strong bases, e.^. 
sodium acetate; 

III, those derived from strong acids and weak bases, e.g. 
ammonium chloride; and 

IV, those derived from weak acids and weak bases, 
ammonium formate or aluminium acetate. 

When any of these is dissolved in water, the solution, as is 
well known, is not always neutral in reaction. Interaction 
occurs with the ions of water and the resultant solution may 
be neutral, acid or alkaline according to the nature of the salt. 

With an aqueous solution of a salt of group I, neither the 
anions have any tendency to combine with hydrogen ions nor 
the cations with the hydroxyl ions of water. The equilibrium 
between the hydrogen and hydroxyl ions in water: 

H20^H+ + 0H- (i) 

is therefore not disturbed and the solution remains neutral. 

Consider, however, a salt MA derived from a weak acid HA 
and a strong base MOH of the conventional or Arrhenius type 
(group II). The salt is completely dissociated in aqueous 
solution: 

MA^M++A~ 

A very small concentration of hydrogen and hydroxyl ions, 
originating from the small but finite ionisation of water, will 
be present initially. HA is a weak acid, that is, it is ionised 
only to a small degree; the concentration of A““ ions which can 
exist in equilibrium with H+ ions is accordingly small. In 
order to maintain the equilibrium the large initial concentration 
of A“ ions must be reduced by combination with H+ ions to 
form unionised HA: 

H++A“^HA (ii) 

The hydrogen ions required for this reaction can be obtained 
only from the farther dissociation of the water ; this dissociation 
produces simultaneously an equivalent quantity of hydroxyl 
ions. The hydrogen ions are utilised in the formation of HA, 
consequently the hydroxyl ion concentration of the solution 
will increase and the solution will react alkaline. The net result 
is that the anions of the salt react with the hydrogen ions of 
water yielding the weak acid HA, and there is an increase in 
the concentration of hydroxyl ions over that present in water. 

It is usual in writing equations involving equilibria between 
completely dissociated and slightly dissociated or sparingly 
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soluble substances to employ the ions of the former and the 
molecules of the latter. The reaction is therefore written : 

A“ + HgO 00” + ha ' (ill) 

This equation can also be obtained by combining (i) and (ii) 
since both equilibria must coexist. 

This interaction between the ion (or ions) of a salt and the 
ions of water is called hydrolysis. Formerly the chemical 
reaction was written: 

MA + HgO^MOH + HA, 

or as: 

Salt + Water ^ Base + Acid 

The reaction of the solution was clearly dependent upon the 
relative strength of MOH and HA. This led to the original, 
but now obsolete, definition of hydrolysis as the decomposition 
of a salt by water into an acid and a base. 

Let us now study the salt of a strong acid and a weak base 
(group III). The two types of weak bases commonly en- 
countered are metallic hydroxides (such as ferric, aluminium 
or cupric hydroxides) and ammonia or primary amines RNHg. 
The ultimate ionisation of the former is : 

M(OH)„^M«++wOH"' • 

The basic character of ammonia and of amines is best 
represented as: 

RNH2 + H2O ^ BNH3+ + OH- 

The alternative formulation: 

RHHg + H2O ^ ^ RNH3+ + OH- 

is regarded as less probable, owing to the doubtful existence of 
RNH3 . OH ; it leads, however, to the same result. Since those 
metallic hydroxides which are weak bases are usually poly- 
acidic and therefore can ionise in stages, it will simplify the 
discussion if we confine our attention to weak organic bases 
of the type RNH 2 , where R == H, alkyl or aryl. We may 
represent such bases by the symbol B. A salt of such a weak 
base and a strong acid may be formulated (BH)A: an example 
is ammonium chloride (NH3H)C1 or NH4CI. In an aqueous 
solution of a salt (BH)A, the initial high concentration of 
cations BH+ will be reduced by interaction with the hydroxyl 
ions of water to form the weak base B (or BH . OH, its hydrated 
form) until the equilibrium, 

BH+ -f OH- ^ B + H 2 O (= BH . OH) (iv) 
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is attained. The hydrogen ion concentration of the solution 
will thus be increased and the solution will haye an acidic 
reaction. The hydrolysis is here represented by: 

BH+ + HgO ^ B + H 3 O+ (V) 

or, less probably but possibly more clearly, by: 

BH+ + HgO ^ BH.OH + H+ 

For salts of group IV in which both the acid and the base 
are weak, two reactions will occur simultaneously: 

A"" + H 2 O ^ BLA + OH~ (vi) 

BH+ + H 2 O ^ B + H 3 O+ (TO) 

The acidic or basic reaction of the solution will clearly depend 
upon the relative strengths or dissociation constants of the 
acid and base. If they are equal in strength, the solution will 
be neutral; if it will be acidic; and if K^y it 

will be basic or alkaline. 

Having considered the possible cases, we are now in a 
position to give a more general definition of hydrolysis. 
Hydrolysis is the interaction between the ion (or ions) of a 
salt and the ions of water with the production of (a) a weak 
acid or a weak base or (b) of both a weak acid and a weak base. 

I, 41. Hydrolysis Constant and Degree of Hydrolysis. 

Case 1, Salt of a Weak Acid and a Strong Base. The equi- 
librium in solution of a salt MA may be represented by: 

M+ + A~ + H 2 O ^ M+ + OH"" + HA, 
or by A" + H 2 O ^ OH” + HA (i) 

Applying the law of mass action, one obtains: 

X %A _ [OH ] . [HA] ^^/oh-*/ha /•'\ 

where a, / and [ ] refer to activities, activity coefficients and 
concentrations respectively, and Aj, is the hydrolysis constant. 
The solution is assumed to be dilute; the activity of the 
unionised water may be then taken as constant. In dilute 
solutions, the ionic strength is small, and the approximation 
that the activity coefficient of the unionised acid is unity and 
/oh"//a~ == 1 be introduced. Equation (ii) then 

reduces to: 

^ __[OH”] X [HA] 
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TMs is often written in the 

rr [Base] X [Acid] ^ ^ 

^ [Unhydrolysed Salt] ^ ^ ^ ^ 

the free strong base and the unhydrolysed salt are completely 
ionised and the acid is very little dissociated. 

The degree of hydrolysis is the fraction of each gram molecule 
hydrolysed at equilibrium. If c is the concentration of the 
salt in gram moles per litre and x is the degree of hydrolysis, 
then the concentrations of the various species in gram moles or 
gram ions per litre are: 

[OH”"] = xc\ [HA] = xc; and [A”] =: (1 — x)c 
The substitution of these values in (hi) gives: 

_[OH^]X[HA] a:cxa:c_ 

[A-"] (1 x)c (T^) 

The expression enables one to calculate the degree of hydrolysis 
X from the value of the hydrolysis constant and the con^ 
eentration c. It is evident that as the concentration is de- 
creased (i.e. the dilution is increased), the degree of hydrolysis 
X must increase. The expression (v) is a quadratic equation 
for and the solution is: 


X = 


2c 4 c 2 c 


(vi) 


If X is small (< 2~5 per cent), (v) reduces to Xj, =? x'^e 
and x^VKJc (vii) 

The two equilibria : 

H20^H+ +0H“, 

and HA =H+ +A~', 

must coexist with the hydrolytic equilibrium : 

A- + HsO HA + OH~ 

Hence the two relationships : 

[H+1 X [OH-]=i:. 
and [H+] X [A~] / [HA] = Z,, 

must hold in the same solution as: 


But ^ 

Aa 

therefore 

or 


[OH-] X [HA]/ [A-]=ir, 

_ [H+] X [OH-] X [HA] [OH-] X [HA] 
- [H+] X [A-] - — [TT 


(viii) 

(ix) 
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Tbe hydrolysis coiistant is thus related to the ionic product of 
water and the ionisation- constant of the acid. Since varies 
slightly and varies considerably with temperature, jS^j^ and 
consequently the degree of hydrolysis will be largely influenced 
by changes of temperature. 

The hydrogen ion concentration of a solution of a hydrolysed 
salt can be readily computed. The amounts of HA and OH“" 
ions formed as a result of hydrolysis are equal, therefore in a 
solution of the pure salt in water [HA] = [OH”]. 

If the concentration of the salt is c gram moles per litre, then : 

[HA] X [OH“l £0H^2^ 

[A-] c 


and 


(x) 

or 

[H+] since [H+] =Z,/[OH-] 

(») 


/. pB. = J log c * 

(xn) 


It follows, therefore, that the pH of the solution increases with 
increasing concentration of the salt, although the degree of 
hydrolysis decreases. 

Equation (xii) can be employed for the calculation of the 
pH of a solution of a salt of a weak acid and strong base. 
Thus the pH of a 0-05Af solution of sodium benzoate is given 

by: 

j)H = 7-0 + 2-10 + |(-l-30) = 8-45 
(Benzoic acid: = 6*37 X = 4*20) 

Such a calculation will provide useful information as to the 
indicator which should be employed in the titration of a weak 
acid and strong base* An explanation is thus given for the 
use of phenolphthalein (pH range 8*3 — 10*0) in the titration 
of benzoic (or acetic) acid with strong bases. 

Example 21. Calculate (1) the hydrolysis constant, (2) the degree 
of hydrolysis and (3) the hydrogen ion concentration of a 0*1 molar 
solution of sodium acetate at the laboratory temperature. 

jS:, = Z, /Za == l*0 X 10-14/1*82 X 10-5 = 5*5 X 10-10 

The degree of hydrolysis a: is given by iTh = xH / (1 — x), Sub- 
stitutmg for and c, and solving the quadratic equation for r, 
one obtains r = 7*5 x 10-5 0-0075 per cent. 

* To be consisteat one should write pt = —log c. 
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Alternatively, x may be deduced by substituting in equations (vi) 
or'(vii)' 

C^HaOg^ + H2O ^ H.C2H3O2 + OH~ 

1 mole 1 mole 1 mole 

If the solution were completely hydrolysed, the concentration of 
acetic acid produced would be 0-lM, But the degree of hydrolysis 
is 0*0075 per cent, therefore the concentration of acetic acid is 
7*5 X 10"®if, This is also equal to the hydroxyl ion concentration 
produced, t.e. ^OH = 5-13. 

:pH = 14-0 - 5*13 = <S*<$7 
The pH. may also be computed from equation (xii) : 

pH == + 4 log c 

= 7*0 + 2*37 + 4( ~ 1) = ^*57 

If the degree of hydrolysis is calculated for a 0-01 Jf solution of 
sodium acetate, it is found to be 0*0235 per cent, and the pH is 8*37. 

Example 22, Calculate (1) the degree of hydrolysis and (2) the 
jpH of a 0*1 molar solution of sodium sulphide at the laboratory 
temperature, (For H 2 S: Ki == 9*1 X 10”®; == T2 x 10*~i5.) 

The hydrolysis of the sulphide ion takes place in two steps : 

S“ +H20^HS- + 0H*” 
and HS-H-HgO^nsS + OH" 

The contribution of the OH“ ions from the second step is negligibly 
small and hence only the primary hydrolysis need be considered. 
The HS"” is effectively the weak acid in this reaction, hence the 
secondary ionisation constant {K^ = [8“””] X [H+] / [HgS]) is 
employed in the calculation of the hydrolysis constant. 

K, = 1*0 X 10-1^ / 1-2 X 10-“i5 = 8*3 
Let X be the degree of hydrolysis, then: 

O O _ [HST X [Om __ a:2c OAx^ 

[S“] 

Le. + 83a: — 83 = 0 

or X ^ 0-99 or 99 per cent 

The sulphide ion concentration == (l -- a:)c = 0*01 X 0*1 =0*001 
mole per litre. Since the solution is almost completely hydrolysed, 
the hydroxyl ion concentration will be almost 0*1 mole and the pH 
accordingly 13. 

Example 23. (a) Calculate (1) the degree of hydrolysis and (2) 

the pH of a 0*1 molar solution of sodium carbonate; also (b) calculate 
the of a 0*1 molar solution of sodium bicarbonate at the labora- 
tory temperature. (For HgCOg: Ki = 4*31 x lO-^; = 5 . 6 I x 

lO-n.) 
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(a) The hydrolysis of the carbonate ion takes place in two stages 

(i) 

^ HGOs- + HgO ^ H2CO3 + OH~ (ii) 

The contribution of the OH” ions from the second step is very 
small since H2CO3 is not so weak an acid as HCOg”" and also the 
OH” ions prodnced in (i) will tend to diminish the hydrolysis of 
HGGg” in (ii), hence only the primary hydrolysis need be considered. 
K^^K^IK,=- hO X 10-14/ 5-61 X 10-11 = 1*79 x 10-4 


Let X == degree of hydrolysis, then: 

1.79 X 10-4 =t 520 a^[ 0 Hl] 


X 0-1 
(1 — x) 


[GOi~l 

or X =:^ 0^04:14: OT 4-14 per cent 

The value of x deduced from the approximate expression x = 
VKh I c is 0*0423. 

pH = + |pZa + i log c 

= 7*0 + 5*13 + |( - 1) = 1M2 


(b) The hydrolysis of the bicarbonate ion may be written: 

HG03~ + H2O ^ H2GO3 + OH” (iii) 

The ionisation of the bicarbonate ion itself must also be taken into 
account: 

H003~^G03“ + H+ “ (iv) 

this is, in fact, the secondary ionisation of carbonic acid. Since the 
equilibrium: 

H+ + 0H”^H20 (v) 

coexists with (iii) and (iv), we may write: 

2HGO3” ^ H2GO3 + GOs” (vi) 

Upon combining the equations for the primary and secondary dis- 
sociation constants for carbonic acid, we obtain: 

[H+] X [HGO3”] [H+] X [GO3””] ^ [H+]2 X [CO3””] 

[H2GO3] ‘ [HCO3"] ““ [H2GO3] 

= Zi X Z2 = 2*42 X 10-17 (vii) 
Now [H2GO3] = [GO3 ] by equation (vi), hence: 

[H+P == Zi X 

[H+] = V2-42 X 10“i7 ~ 4.91 X 10-9 gram ions per litre 
or pH == 8*31 

The experimental value obtained by glass electrode measurements 
is pH == 8*18, indicating that the calculation is substantially correct. 

Case 2. Salt of a Strong Acid and a Weak Base. For the 
sake of simplicity we will consider the salt (BH)A derived from 



122 ^ P, 

a, weak organic base B and a strong acid HA (see Section I, 40). 
The hydrolytic equilibrium is represented by: 

BH+ -f HgO ^ B + H3O+ (xiii) 

By applying the law of mass action along the lines of Case 1, 
the following equations are obtained : 

y ^ [H3O+] X [B] [Acid] X [Base] __ K^ 

^ [BH*^] [Unhydrolysed Salt] 

__ «;2(j 

^(r=^ 

The dissociation constant of the base 

X [OH”]/[B]. 

Furthermore, since [B] and [H3O+] are equal { equation 
.. [H 3 O+] X [B] _ [H30+]2 [H30+]2 _ ^ 

[BH+] (1 ~a:)c c A, 

It is assumed that x is small {<2-5 per cent). 

Hence [H30 +]=^^ 

or pH = ipKy, - l log c 

It is evident from equation (xv) that the degree of hydrolysis 
X increases with dilution and with decreasing strength of base; 
also that the pH of the solution must be less than |p-K'^ = 7, 
i.e. the solution has an acidic reaction. 

Equation (xviii) can be applied to the calculation of the pH 
of solutions of salts of strong acids and weak bases. Thus the 
pH of a 0‘2Jf solution of ammonium chloride is: 

pH = 7-0 - 2*37 - |(~0*70) = 4*98 
(Ammonia: = 1*8 x lO^S; = 4.74) 

Example 24. Calculate (1) the degree of hydrolysis and (2) the 
pH of a 0*1 molar solution of ammonium chloride at the laboratory 
temperature. 

The hydrolysis may be written as : 

NH4+ + H2O ISTHs + H3O+ 

a:, = / a:, = 1*0 X lo-u / pg x = 5.6 x lo-^o 

Now = x^c j (1 — a;), where x is the degree of hydrolysis. 
Substituting for and c, and solving the quadratic equation for x, 
we find 

x=^7*5 X 10^^ or 0-0075 per cent 


(xiv) 

(XV) 

(xiii)}, 

(xvi) 

(xvii) 

(xviii) 
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Alternatively a; may be calculated iBrom the relation a? === / c 

The concentration of hydrogen ion = ~ 7*5 X x 0*1 == 

7*5 X 10”® g. ion per litre, or jpH == 5 - 18 , 

Case 3, Salt of a Weak Acid and a Weak Base. The hydro- 
lytic equilibrium in a solution of a salt (BB[)A, derived from a 
weak organic base B and a weak acid HA, is expressed by the 
equation: 

BH+ + A" + 2 H 2 O ^ H 3 O+ + OH- + B + HA (xix) 

Since the normal equilibrium ^ H 3 O+ + OH"” exists in 

any case, this may be subtracted from (xix); the result may be 
represented: 

BH++A-^B+HA (xx) 


The equilibrium constant is given by: 

jr X O tCK [B] . [HA] /b « /ha 

X [BH+] . [A-] ^ /bh+ ./a- 


By making the usual approximations, that is, by assuming 
that the solution is dilute so that the activity coefficients of 
the unionised molecules and, less justifiably, of the ions may 
be taken as unity, the following approximate form of (xxi) is 
obtained: 


[B] x[HA] 

[BH+] X [A-] 

— [Base] X [Acid] 

” [Unhydrolysed Salt ]2 


(xxii) 

(xxiii) 


If X is the degree of hydrolysis in a solution of concentration 
c gram mols per litre, the individual concentrations are ; 

[B] = [HA] = ; [BH+] == [A-] 

By substituting these values in (xxii), we obtain: 



xc X xc __ 

(1 — x)c X (1 — a:)c (1 — xY 


(xxiv) 


Furthermore, as m Case 1, the expressions : ^ [H+] x 

[OH-], K, = [H3O+] X [A-]/[HA]. and K, = [BH+] 
X [OH~] / [B], hold simultaneously with equation (xxi) for 
the hydrolytic equilibrium. By substitution in (xxi) it can 
be readily shown that : 

Zj, = / (Z» X Zb) (xxv) 

The solution of equation (xxiv) for the degree of hydrolysis 
X is: 

a;- i/Z;/(l + VZb) 


(xxvi) 



II K^ is small in comparison with unity, then: 

a; = VK^ = VK^ I (k[ X Ki,) (xxvii) 

This expression, and also (xxv), enable one to calculate a: from 
the dissociation constants of the acid and the base. 

The hydrogen ion concentration of the hydrolysed solution 
is computed in the following manner: 

[H3O+] X [HA]/[A“] =Z, X a:c/(l -x)c^K, x x/{l -^x) 
By equation (xxiv) x/{l — x) = VA^u, thus: 

[H3O+] = Aa X VK^ = VK^ X Aa / Ab (xxviii) 

or pH = |pA^ + |pAa — |pAb (xxix) 

It foUows from equations (xxiv) and (xxix) that the degree of 
hydrolysis and the pH are independent of the concentration of the 
salt; the weaker the acid and the base, the greater will be the extent 
of hydrolysis. This is strictly true only if [BH+] = [A"] and 
[B] = [HA] as assumed above: this condition wiU be realised if 
Aa == Ab or at least are approximately equal. If the acid BH+ 
and the base A”” have different strengths, they will intereact with 
water to different extents (see Section I, 40) and consequently at 
equihbrium [BH+] and [A~] are not necessarily equal; similar 
remarks apply to the equilibrium concentrations of B and HA. 
Fortunately, except in very dilute solution, no significant errors are 
introduced unless A^ and Ab differ by several powers of 10. 

If the dissociation constants of the acid and the base are 
equal, that is, A^ = A^,, pH — IpA^ = 7*0 and the solution 
is neutral although hydrolysis may be considerable. If 
Aa > E^, pH < 7 and the solution is acidic ; when E^ > A^, 
pH > 7 and the solution reacts basic or alkaline. 

The pH of a solution of ammonium acetate is given by : 
pH = 7-0 + 2*37 - 2*37 = 7-0, 

i.e. the solution is approximately neutral. On the other hand, 
for any solution of ammonium formate: 

pH = 7*0 + 1-88 - 2*37 == 6-51, 

(Formic acid: A^ =1*77 X l0-^\ pE^ = 3*75) 
i.e. the solution reacts slightly acid. 

Example 25. Calculate the degree of hydrolysis of a 0-lJf 
solution of ammonium acetate at the laboratory temperature. 
The hydrolytic reaction is : 

NH4+ + C2H302“ ^ NHs + H . C2H3O2” {cf. equation (xx) } 

Ab - [NH3] X [H . CaHsOg] / [NH4+] X [C2H302T 

==A./(A, X Ab) 

= 1-0 X 10-14/(1.32 X 10-s X 1-8 X 10-6) = 3-1 X 10-^ 
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is clearly small m comparison with unity and we may therefore 
use equation (xxvii) : 

a; = = VSA X 10~5 = 5-5 X 10 -^ or 0*55 per cent 

I, 42. Hydrolysis and the Proton Theory of Acids and 
Bases — If the BrOnsted-Lowry definitions of acids and bases 
(see Section I, 6) are adopted consistently, the term hydrolysis 
loses much of its original significance. The older and, indeed, 
firmly established definitions of hydrolysis are merely examples 
of acid-base reactions when considered in the light of the proton 
transfer theory of acids and bases. 

Before discussing the subject in detail, it is desirable to deal 
more fully with the subject of acid and conjugate base. The 
relationship is: 

A (acid) ^ H+ (proton) + B (base); 
the acid A and the base B, which differ by a proton, are said 
to be conjugate to one another. Every acid must, in fact, 
have its conjugate base and every base its conjugate acid. 
The interaction of an acid Ai of one system with a base B2 
of another system may be represented by: 

Ai + B2 ^ Bi + A2, 

Acidi Basog Basej Acidg 

where Ai and Bi are the conjugate acid and base of any one 
system, and A2 and Bs are those of the other system. Free 
protons, because of their great reactivity and small size, do not 
exist to any extent in solution, and hence the acidic or basic 
functions of any molecule or ion caimot become manifest unless 
the solvent molecules can act as proton acceptors or donors 
respectively, i.c. the medium itself must have basic or acidic 
properties. Solvents are divided roughly into three categories 
according as the molecules are (1) proton acceptors, i.c. basic 
or protophilic; (2) proton donors, i.e. acidic or protogenic; or 
(3) neither acceptors nor donors, Le. aprotic. A solvent, such 
as water or an alcohol, which is both protophilic and protogenic 
is said to be amphiprotic. We will confine our attention to 
water: the conjugate acid and base can function simultaneously 
and we will study their relative dissociation constants in a 
given medium. 

Water can combine with a proton to give the hydroxonium 
ion H3O+, or it can lose a proton to form the hydroxyl ion OH”. 
The equilibria between the solvent (water) and (a) the acid HA 
and (6) its conjugate base A~ may be written: 

(a) HA “f- H2O ^ H30'^ “f* A and (6) A -f* H2O ^ HA -{- OH"” 
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The dissociation constants of acid and conjugate base in water 

are:';"'' 

K ~ %30+ X l<im. and == %a X / %- (i) 

The solvent (water) can itself function as an acid and as a 
base, thus leading to the equilibrium 

H2O + HgO H3O+ + OH- ; 

if the activity of the solvent is assumed to be unity in dilute 
solution, then : 

Kyf == fi^30+ X dou" (ii) 

The quantity Ky, is, of course, the ionic product of water. 
Upon combining equations (i) and (ii), we obtain the relation- 
ship: 

K^X Kb — -Kw (hi) 

that is, the dissociation constant of an acid is inversely pro- 
portional to that of its conjugate base, and vice versa, in water 
(an amphiprotic medium). Otherwise expressed, if the acid is 
strong, the conjugate base will be weak; if the acid is weak, 
the conjugate base will be strong. 

The question of strengths of bases is usually treated 
separately from acids, but on the proton theory of acids and 
bases this is really unnecessary, since any protolytic reaction 
involving an acid must also involve its conjugate base. The 
older method of evaluating basic strength depended upon the 
OH"” concentration produced in an aqueous solution of a base. 
Thus the basic dissociation constant of ammonia (NH3 + H2O 
^ NH4+ -f OH“) was given by : 

Kb - x [OH-] / [NH3I * 

The acid dissociation of the ammonium ion may be written 
as: 

NH4+^NH3 + H+ (iv) 

this is an abbreviation of: 

NH4+ + H2O ^ NHs + H3O+ (v) 

* The js;;^bol [NHg] represents the total concentration of midissociated 
ammonia, irrespective of whether it is present as NH3 or as NH4OH. The two 
species are related by the equilibrium NHs + H^O since water 

is present in large excess, the ratio [NHa] / £NH40H] will be the same in all 
dilute solutions at the same temperature, hence the form of any equilibrium 
expression will not be affected by taking into account partial hydration 6f 
the undissociated ammonia. If the equilibrium is written ^ 

NH4+ + OH'“, the numerical value for Kb will be the same order since 
[NH4OH] is always ^en as equal to the activity (or concentration) of the 
whole of the ammonia which is not ionised. In actual fact, it is doubtful 
whether the true NH4OH exists: it maybe a loose hydrogen-bonded complex 
between ammonia and a water molecule. 
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The acid dissociation constant of the ammonium ion is : 

_ (Yi) 

Since, to a first approximation, = [H+] X [OH ], we have : 

Z,=Z./Zbx. (vii) 

This expression enables one to express the '‘conventional” 

basic dissociation constant in terms of its conjugate acid. 

Neutralisation, in the classical sense, may be described as 
the reaction between equivalent amounts of acid and base 
(both defined according to Arrhenius) with the production of 
a salt and water: 

HA + MOH = MA + H2O 

If the terms acid and base are employed in the Bronsted-Lowry 
sense, the product is not necessarily described as a salt and 
water. The general expression for an acid-base reaction is, as 
we have already seen in Section I, 6, an example of a proton- 
transfer or protoly tic reaction : 

HA + B = BH+ + A- 

Aeidi Basog Acidg Base^ 

The products of such a reaction are the conjugate acid and the 
conjugate base of the reactants. If the acid HA and a con- 
ventional strong base MOH are neutralised, we may write the 
reaction : 

HA + M+ + or == M+ + A~ + H2O 

Acid]^ BasQg BasCj A.cid 2 

The anion of the acid is thus regarded as a base. 

A displacement reaction between the salt of a weak acid and 
between a strong acid is a neutralisation from the Bronsted- 
Lowry standpoint. A simple example is: 

HCl + Na+ + CsHgOg*" ^ Na+ + or 4- H.C2H3O2 
Acidi Basoa BS'SCi Acidg 

The neutralisation of ammonia or a primary amine by an acid 
may be expressed: 

HA + RNH2 ^ A” + RNH3+ 

Acidi Bascg Base^ Acidg 

The displacement reaction involving the salt of a weak base 
and a strong base can also be regarded as a neutralisation, for 
example: 

NH 4 + + Cl"- + Na+ + or ^ NH 3 + H 2 O -f Na+ + 01“ 
Acid^ Base a Base^ Acidg 

The extent to which a neutralisation reaction (HA + B ^ 
BH+ -f A ) proceeds will depend, not only upon the relative 
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Btrengths of the two acids concerned, but also upon the nature 
of the solvent. We are primarily concerned with water, an 
ampMprotic solvent, which can act as an acid and a base ; it 
may interact with the neutralisation products in two ways : 

(a) BH+ + HgO ^ B + 

Acidj Basea Basei Acida 

and (6) A -f- BE20 ^ HA -f- OH 

Basel Acidj Acid^ Baseg 

In (a) the original base is reformed, whereas in (b) the original 
acid is produced. Hence, in addition to primary neutralisa- 
tion, further interaction may occur with the solvent which 
leads to the partial reversal of the neutralisation. The latter 
is an example of a general phenomenon known as solvolysis: 
when the solvent is water, it is termed hydrolysis. 

The strength of an acid or a base is, according to equation 
(vii), inversely proportional to that of its conjugate form. If 
the acid HA {e.g, HCl) is strong, its conjugate base A"” {e.g, CF) 
will be very weak and hydrolysis (b) occurs to a negligible 
extent. If the base used for neutralisation is also strong {e.g. 
Na+OH” or, effectively, OH"“), the conjugate acid (e.g^. H 2 O) 
will be very weak and consequently reaction (a) will be of little 
importance. It is clear, therefore, that neutralisation between 
a strong acid and a strong base in aqueous solution will proceed 
to completion and no hydrolysis wdll occur. A necessary 
corollary is that the salt of a strong acid and a strong base will 
not be hydrolysed in aqueous solution. When the salt is 
derived from a weak acid or a weak base or from both a weak 
acid and a weak base, the corresponding conjugate form or 
forms wdll be strong, and appreciable hydrolysis will ensue. 
The three cases to be considered are those involving (1) a weak 
acid, (2) a weak base and (3) both a weak acid and a weak base. 
Each of these wiU be studied in detail. 

- Let us jSrst consider the hydrolysis of the salt MA {e.g. 
sodium acetate) of a weak acid HA and a strong base (say, 
M+OH“) from the BrOnsted-Lowry standpoint. The acid HA 
is weak, consequently the conjugate base A"” is reasonably 
strong. We have the equation (the ions of the metal atom 
play no part in the reaction): 

A” + H 2 O ^ HA “b OH“ (viii) 

Basex Acidj Acidi Baseg 

This equation for the hydrolysis reaction is identical with that 
given in Section I, 41, although the terminology is different. 
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Tile expression for the equilibrium constant of this reaction, 
previously termed the hydrolysis constant, might more suitably 
be called an acid-base equilibrium constant ; its magnitude 
is, however, the same irrespective of its name. 

The case of the salt (BH)A of a strong acid HA and a weak 
base B may be treated similarly. To avoid misunderstanding 
of the general case, let us consider first the specific case of 
ammonium chloride. This salt may be regarded as derived 
from the weak base ammonia and the strong acid, hydrochloric 
acid. The weak base NH3 will have NH4‘^ as its conjugate 
acid and the latter will have appreciable strength: this is, in 
fact, the ion derived from the completely dissociated ammonium 
chloride. The hydrolytic equilibrium is therefore represented 
as: ■ 

NH4+ + H2O ^ NHs + H3O+ (ix) 

For the general case of the salt (BH+IA””, the equilibrium may 
be written : 

BH++H20^B+H30+ (X) 


(The anion, e,g, chloride or nitrate, has no appreciable acidic 
or basic properties since it has no detectable tendency to react 
with the solvent, and therefore will not take part in the equi- 
librium.) The equilibrium expression for (ix) may be written: 

[N H3] X [HaO-*-] . . 

[NH4+] 




where Zb.l. is the equilibrium constant ; it is identical with 
the acid dissociation constant for the ammonium ion { equation 
(vi)}. The equilibrium constant for (x) is given by: 


[BH+] 

— [^S;8e] X [Acid] 

[Unhydrolysed Salt] 


(xii) 

(xiii) 


This expression is identical with that deduced on the basis of 
classical theory in the previous Section. 

When considering a salt constituted from a weak acid HA 
and a weak ba^ B, it will be realised that the respective con- 
jugate base A and conjugate acid BH+ have appreciable 
strength, and so both react with the solvent thus: 


A“ + H2O ^ HA + OH~ (xiv) 

BH+ H2O ^ B -h (xv) 

By combining both equations, we have: 

BH+ -f- A 4" 21120 ^ H3O+ OH ~f" B -f- HA (xvi) 


5 
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Since the equilibrium 2H2O ^ H3O+ + OH" exists in any case, 
we may subtract it from (xvi) : 

BH+ 4 - A" B + HA (xvii) 

Unhydrolysed salt Free base Free acid 

The approximate equilibrium constant is given by: 


. [B] X [HA] 

BX. ^ 


(xviii) 


This expression for the equilibrium constant, deduced on the 
basis of the proton theory of acids and bases, is identical with 
that obtained in Section I, 41 {equation (xxii)}. 


Metallic Hydroxides as Weak Bases. Hydrolysis of 
Metallic lons.^ — ^Many metallic hydroxides, for example those 
of aluminium, iron, zinc and copper, are weak bases: 

A 1 ( 0 H) 3 ^A 1 +++ + 30 H” 


There is a considerable volume of evidence that these metallic 
ions are hydrated (e.^. [A1(H20)6]+++ and [Cu(H20)4]++) and 
these hydrated ions are therefore regarded as the conjugate 
acids of the corresponding weak bases. The conjugate acids 
of these weak bases will have appreciable strength (compare 
equation (iii)}. The primary hydrolysis of the hydrated 
metallic ions may be represented as: 

[M(H20y-^ + H2O ^ + H3O+; 


further hydrolysis may occur under suitable conditions leading 
ultimately to the precipitation of the metalhc hydroxide 
M(OH),^. Comparatively few quantitative data are at present 
available for the acid dissociation constants of the hydrated 
metallic ions (compare acid dissociation constant of the 
ammonium ion in equation (vi) }. A value of 1*4 x 10 ”^ has 
been given for the dissociation constant of the reaction: 

[A1(H20)6?-^ + [A1(H20)5(0H)]2^^ + H3O+ 


and this may serve as a basis for the following illustrative 
calculation. 


Emmple 26. Calculate the pH of a 0*1 molar solution of alu- 
minium chloride [A1(H20)6P+Cl33’~. 

Let y = [H3O+] = [A1(H20)5(0H)]2+ 

K - [H3O+] X [A1(H20)5(0H)]2 + ^ 

[A1(H20)6]8+ - ol - ^ ^ X 

(compare Example 3 in Section I, 14), 

y2 = 1.4 X iQ-6^ y = i-ig IQ--3 g. ions per litre, 
pH = 2^93 


or 
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I, 43, The Distribution or Partition Law —It is a well- 
Imown fact that certain substances are more soluble in some 
solvents than in others. Thus iodine is very much more soluble 
in carbon disulphide, chloroform or carbon tetrachloride than 
it is in water. Furthermore, when certain liquids such as 
carbon disulphide and water, and also ether and water, are 
shaken together in a vessel and the mixture allowed to stand, 
the two liquids separate out into two layers. Such liquids are 
said to be immiscible (carbon disulphide and water) or partially 
miscible (ether and water), according as to whether they are 
almost insoluble or partially soluble in one another. If iodine 
is shaken with a mixture of carbon disulphide and water and 
then allowed to settle, the iodine will be found to be distributed 
between the two solvents. A state of equilibrium exists 
between the solution of iodine in carbon disulphide and the 
solution of iodine in water. It has been found that when 
the amount of iodine is varied, the ratio of the concentrations 
is constant at any given temperature. That is : 


Concentration of iodine in carbon disulphide 
Concentration of iodine in water 



The constant is known as the partition or distribution 
coefficient. Some early (and therefore approximate) experi- 
mental results at 1S° are collected below. 


Grams of iodine, in 

10 ml. of CSz {Cz) 

Grams of iodine in 

10 ml. of HzP (Oi) 

K — 

1-76 

0*0041 

420 

1*29 

0*0032 

400 

0*66 1 

0*0016 

410 

041 

0*0010 

410 


It is important to note that the ratio C 2 IC 1 is constant only 
when the dissolved substance has the same molecular weight 
in both solvents. The distribution or partition law may be 
formulated: when a solute distributes itself between two 
immiscible solvents, there exists for each molecular species, at 
a given temperature, a constant ratio of distribution between 
the two solvents, and this distribution ratio is independent of 
any other molecular species which may be present. The value 
of the ratio varies with the nature of the two solvents, the 
nature of the solute, and the temperature. 
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The distribution law has a number of applications in analysis. 

(a) Removal of bromine and of iodine from aqueous 
solution. When an aqueous solution of iodine is shaken 
with carbon disulphide, the concentration of iodine in the re- 
sulting carbon disulphide layer is about 400 times that in 
water. The carbon disulphide layer may be removed with the 
aid of a separatory funnel and the process repeated. In this 
way the concentration of iodine in the aqueous solution may be 
reduced to a very small value, although theoretically it cannot 
be removed completely. The distribution coefficients at the 
laboratory temperature for iodine in CHClg / H2O and CCI4 / H2O 
are 109 and 85 respectively. 

Example 27. Ten mg. of iodine are suspended in 12 ml. of water 
and then shaken with 2 ml. of carbon tetrachloride until equilibrium 
is reached. Calculate the weight of iodine remaiaing in the aqueous 
layer. 

Let a: be the weight (mg.) of iodine in the aqueous layer at equi- 
librium: the concentration will therefore be a;/12. The quantity of 
iodine (mg.) extracted by the CCI4 will be (10 — a;) and its con- 
centration (10 — x) 1 2. 

Z, = 85 == {(10 - a:) / 2} / (a; / 12) 
or X = 0*66 mg. 

If the CCI4 layer is now withdrawn with the aid of a separatory 
funnel, and the residual aqueous layer (12 ml.) shaken with a 
further 2 ml. of CCI4 until equilibrium is attained, the quantity y 
of iodine remaining in the aqueous layer can be computed from: 

Z, = 85 = {(0-66~y)/2}/(2//12) 
y = 0*043 mg. 

It can easily be shown that upon withdrawal of the CCI4 layer, 
followed by a further extraction with 2 ml. of the same solvent, 
the weight of iodine in the aqueous layer is reduced to 0-0028 mg. 
If instead of three sucpessive extractions with 2 ml. portions of 
CCI4, the original 10 ml. the aqueous suspension were treated 
with 6 ml. of CCI4, the weight 6f iodine remaining in the aqueous 
layer would be reduced to 0-23 mg., as can be shown by a calculation 
similar to the above. This is a simple illustration of the fact that 
in performing extractions, it is more efficient and also more econo- 
mical to carry out a number of successive extractions with small 
portions of the solvent rather than f single extraction with a large 
quantity. 

Use is made of the partition principle in the detection of 
bromides (Section IV, 15, reaction 5), of iodides (Section IV, 16, 
reaction 4) and in the detection of bromides and iodides in tlie 
presence of each other (Section IV, 44, reaction 8), 
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(6) Various tests in qualitative analysis, (i) ''Perchromic 
acid” (Section IV, 33, reaction 4) is more soluble in amyl 
alcohol (or in ether) than in water; by shaking the dilute 
aqueous solution with amyl alcohol (or with ether), a con- 
centrated solution in the latter solvent is obtained, and the 
presence of chromate or of hydrogen peroxide is indicated by 
the blue colour. 

(ii) The compound ammonium cobaltothiocyanate, 
[Co(CNS) 4], produced by the action of a concentrated solution 
of ammonium thiocyanate upon a cobaltous salt (see Section 
III, 24, reaction 6), is more soluble in amyl alcohol than in 
water; the blue coloration of the amyl alcohol layer, due to the 
formation of a concentrated solution of this compound, is a 
sensitive and characteristic test for cobalt. 

(c) Study of hydrolysis. In the hydrolysis of a salt of a 
weak base and a strong acid or of a weak acid and a strong 
base, there is an equilibrium between the salt, the free acid 
and the jfree base. The hydrolysis, for our present purpose, 
may be written: 

Salt + Water # Acid + Base (see Sections I, 40~I, 42) 

The concentration of the weak acid or of the weak base can 
be determined by distribution between water and another 
solvent, such as benzene or chloroform; the partition coefficient 
of the acid or base between the water and the other solvent 
must, of course, be known. The degree of hydrolysis may then 
be calculated from the concentration of the salt and the deter- 
mined concentration of the weak acid or base. An example of 
such a salt is aniline hydrochloride. This is partially hydro- 
lysed into aniline and hydrogen chloride. Upon shaking the 
aqueous solution with benzene, the aniline will distribute itself 
between the water and benzene in the ratio of the distribution 
coefficient. The initial concentration of aniline hydrochloride 
is known, the concentration of the free aniline in the aqueous 
solution can be computed from that found in the benzene 
solution, and from this the total concentration of aniline, pro- 
duced by hydrolysis, is deduced. Sufficient data are then 
available for the calculation of the degree of hydrolysis. 

(d) The determination of the constitution of complex halide 
ions. Iodine is much more soluble in an aqueous solution of 
potassium iodide than it is in water; this is due to the formation 
of potassium tri-iodide KI3. The following equilibrium exists 
in such a solution : 

KI-blg^KIg or Ig+r ^Ig” 
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If the solution is titrated with standard sodium thiosulphate 
solution^ the totoZ concentration of the iodine, both as free I2 
and combined as KI3 (or Is””), is obtained since, as soon as some 
iodine is removed by interaction with the thiosulphate, a fresh 
amount of iodine is liberated from the tri-iodide in order to 
maintain the equihbrium. If, however, the solution is shaken 
with carbon tetrachloride, in which iodine alone is appreciably 
soluble, then the iodine in the organic layer is in equilibrium 
with the free iodine in the aqueous solution. By determining 
the concentration of the iodine in the carbon tetrachloride 
solution, the concentration of the free iodine in the aqueous 
solution can be calculated from the known distribution coeffi- 
cient, and therefrom the total concentration of the free iodine 
present at equilibrium. Subtracting this from the total iodine, 
the concentration of the combined iodine (as KI3) is obtained; 
by subtracting the latter value from the initial concentration 
of potassium iodide, the concentration of the free KI is deduced. 
The equilibrium constant : 

^ [KI] XII2] [I"] X [l2] 

[KI3] [l3~] 

is then computed. 

A similar method has been used for the investigation of the 
equilibrium between bromine and bromides : 

Br2 -f KBr ^ KBrs, or Br2 -f Br*" ^ Brs" 

Distribution measurements have also been used to prove 
the existence of the cuprammonium ion [Cu(NH3)4]++ in an 
aqueous ammoniacal solution of copper sulphate, the partition 
of the free ammonia being studied between chloroform and 
water: 

[Cu(NH3)4]++ ^ Cu++ + 4NH3 

I, 44 . The Colloidal State.— It sometimes happens in quali- 
tative analysis that a substance does not appear as a precipitate 
when the reactants are present in such concentrations that the 
solubility product of the substance is greatly exceeded and 
precautions are taken against supersaturation of the resulting 
solution. Thus when hydrogen sulphide is passed into a 
cooled solution of arsenious oxide, no precipitate is discern- 
ible when one looks through the resulting mixture. The 
solution, however, has acquired a deep yeUow colour and when 
viewed by reflected light shows a marked opalescence. If a 
powerful beam of light is passed through the solution and the 
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latter viewed throiigh a microscope at right angles to the 
incident light , a scattering of light (bright spots of light against 
a dark background) is observed, evidently due to the light 
reflected by the particles in suspension in the solution. The 
scattering of light is called the Tyndall effect, whilst the 
arrangement of viewing the Tyndall beam in a microscope is 
termed the ultramicroscope. True solutions, i.e, those with 
particles of molecular dimensions do not exhibit a Tyndall 
effect, and are said to be ‘'optically empty.’' Clearly the 
reaction has taken place forming arsenious sulphide but 
particles are in such a fine state of division that they do not 
appear as a precipitate. They are in fact in the colloidal 
state or in colloidal solution. Other colloidal solutions which 
may be encountered in qualitative analysis include ferric, 
chromic and aluminium hydroxides, cupric, manganous and 
nickel sulphides, silver chloride and silicic acid. 

Further examination of the colloidal solution of arsenious 
sulphide brings to light other peculiar properties. When an 
attempt is made to filter the solution, the particles are 
found to pass right through the filter paper. Also, when the 
colloidal solution is allowed to stand for a long time, no 
appreciable settling takes place; no precipitation takes place 
upon shaking with solid arsenious sulphide, thus ruling out 
the possibility of supersaturation. The addition of, say, alu- 
minium sulphate solution brings about immediate precipitation 
of arsenious sulphide, although there is no apparent reaction 
between the A1+++ or S 04 ^ and any ion in the solution. 
Potassium chloride solution produces the same effect but con- 
siderably more of it must be added. Any electrolyte, in fact, 
causes precipitation, i.e. coagulation or flocculation of the 
colloidal material. Heating the solution also favours coagula- 
tion. It is evident that the colloidal state must be avoided in 
qualitative analysis, and a more detailed account of the pheno- 
menon will therefore be given. 

The colloidal state of matter is distinguished by a certain 
range of particle size, as a consequence of which certain 
characteristic properties become apparent. Before discussing 
these, mention must be made of the various units which are 
employed in expressing small quantities. The most important 
of these are: 

1 micron = 1 ji == IG”^ mm. == 10*"^ m. 

1 milli-micron = 1 my. = I yy = lO-s mm. 

1 Angstrom unit == 1 A = m. = 10~7 mm. = 0*1 my 
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CollGidal properties are, in general, exhibited by substances 
of particle size ranging between 0-2 /x and 5 m/x. Ordinary 
qualitative filter paper will retain particles up to a diameter 
of 1-2 X 10"^ mm. or 10-20 /x, so that colloidal solutions in 
this respect behave like true solutions (the size of molecules is 
of the order 0-1 m/x or 10~s cm.). The limit of vision under 
the microscope is about 0*2 p,, whilst that of the ultra-micro- 
scope is about 5-10 mp. Colloidal solutions are not true 
solutions. Close examination shows that they are not homo- 
geneous, but consist of suspensions of solid or liquid particles 
in a liquid. Such a mixture is known as a disperse system; 
the liquid (usually water in qualitative analysis) is called the 
dispersion medium and the colloid the disperse phase. 

An important consequence of the smallness of the size of 
the particles in a colloidal solution is that the ratio of the 
surface to the volume is extremely large. Phenomena which 
depend upon the size of the surface, such as adsorption, will 
therefore play an important part. 

The effect of particle size upon the area of the surface will be 
apparent from the following approximate calculations. The total 
surface area of 1 ml. of material in the form of a cube of 1 cm. 
side is 6 sq. cm. When it is divided into cubes of 10^® cm. size 
(which approximates to many colloidal systems), the total area of 
the same volume of material is 6 x 10® sq. cm. 

Although colloidal particles cannot be separated from those 
of molecular dimensions by the use of ordinary filter papers— 
the best quantitative filter papers retain particles larger than 
about 1/x in diameter — separation can be effected by the use of 
special devices. The procedure known as dialysis utilises the 
fact that substances in true solution, provided the molecules 
are not too large, can pass through membranes of parchment 
or collodion, while colloidal particles are retained. The 
separation can also be effected by ultra -filtration. Filter papers 
are impregnated with collodion, or with gelatin subsequently 
hardened by formaldehyde, thereby making the pores small 
enough to retain particles of colloidal dimensions. The ulti- 
mate size of the pores depends upon the particular paper used 
and upon the concentration of the solution employed to 
impregnate it. The solution is poured on the filter and the 
passage of the liquid is accelerated by suction or by pressure. 
It may be mentioned that other factors (e.^. rates of diffusion 
and adsorption) in addition to pore size determine whether 
particles of a given size wdll pass through an ultra-filter or not. 

Colloidal systems, in which a liquid is the dispersion medium, 
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are often termed sols to distinguish them from true solutions: 
the nature of the liquid is indicated by the use of a prefix, e.gr. 
aquasols, alcosols, etc. The solid produced upon coagulation 
or flocculation of a sol was originally described as a gel, but 
the name is now generally restricted to those cases in which 
the whole system sets to a semi-solid state without any super- 
natant liquid initially. Some authors employ the word gel to 
include gelatinous precipitates, such as aluminium and ferric 
hydroxides, formed from sols, whereas others refer to them as 
coagels. The process of dispersing a flocculated solid or gel 
(or coagel) to form a colloidal solution is called peptisation. 

Colloidal solutions may be divided roughly into two main 
groups, designated as lyophobic (Greek: solvent hating) and 
lyophilie (Greek: solvent loving): when water is the dispersion 
medium, the terms hydrophobic and hydrophilic are employed. 
The chief properties of each class are summarised in the follow- 
ing Table,* but it must be emphasised that the distinction is 
not an absolute one since some, particularly sols of metallic 
hydroxides, exhibit intermediate properties. 

It may be mentioned that negatively-charged colloids include 
the sols of metals, sulphur, metallic sulphides, silicic acid, 
stannic acid, silver halides, gums, starch and certain acid dye- 
stuffs, whilst sols of metallic hydroxides and of certain basic 
dyestuffs usually carry a positive charge. 

The stability of a colloidal solution is intimately associated 
with the electrical charge on the particles. Thus in the forma- 
tion of an arsenious sulphide sol by precipitation with hydrogen 
sulphide in faintly acid solution, sulphide ions are primarily 
adsorbed (since every precipitate has a tendency to adsorb its 
own ions), and in order to maintain the electro-neutrality of 
the solution, an equivalent quantity of hydrogen ions is secon- 
darily adsorbed. The hydrogen ions or other ions which are 
secondarily adsorbed have been termed counter ions. Thus 
the so-called electrical double layer is set up between the 
particles and the solution. If the electrical double layer is 
destroyed, the sol is no longer stable, and the particles will 
flocculate since the concentration is in excess of the solubility 
product. Thus if barium chloride solution is added, barium 
ions are preferentially adsorbed by the particles ; the orientation 
of the surface is disturbed and the charge disappears. After 
flocculation, it is found that the dispersion medium is acid 

* For a more detailed account see, for example, H. B. Weiser, A Text Book 
of Colloid Chemistry y Second Edition, 1949 (J. Wiley), or the appropriate 
sections in S. Glasstone, Text Book of Physical Chemistry ^ Second Edition, 1946. 

5* 
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Hydeopeobio Sols 

Hydeophilio Sols 

1. The viscosity of the sols is 
similar to that of the medium. 
Examples: sols of the metals, 
silver halides, metalhc hydrox- 
ides and barium sulphate. 

2. A comparatively minute 
quantity of an electrolyte 
results in flocculation. The 
change is, in general, irrever- 
sible; water has no eflect upon 
the flocculant. 

3. The particles, ordinarily, 
have an electric charge of 
definite sign, which can be 
changed only by special 
methods. The particles 
migrate in one direction in an 
electric field (cataphoresis or 
electrophoresis). 

4. The ultramicroscope 
reveals bright particles in 
vigorous motion (Brownian 
movement), 

5. The surface tension is 
similar to that of water. 

1. The viscosity is very much 
higher than that of the medium ; 
they set to jeily-hke masses, 
often termed gels (or coagels). 
Examples : sols of silicic acid, 
stannic oxide, gelatin, starches 
and proteins. 

2. Small quantities of electro- 
lytes have little effect: large 
amounts may cause precipita- 
tion, “salting out."’ The 
change is, in general, reversible 
upon the addition of water. 

3. The particles change their 
charge readily, e.g, they are 
positively charged in acid 
medium and negatively charged 
in a basic medium. Uncharged 
particles are also known. The 
particles may migrate in either 
direction or not at aU in an 
electric field. 

4. Only a diffuse hght is 
exhibited in the ultramicro- 
scope. 

5. The surface tension is 
often lower than that of water : 
foams are often produced 
readily. 


owing to the liberation of the hydrogen counter ions. It 
appears that ions of opposite charge to those primarily adsorbed 
on the surface are necessary for coagulation. The miniTn um 
amount of electrolyte necessary to cause flocculation is called 
the flocculation or coagulation value. It has been found that 
the latter depends upon the valency of the ions of the opposite 
charge to that on the colloidal particle, the higher the valency 
the smaller the coagulation value; the nature of the ions has 
some influence also. If two sols of opposite charge are mixed 
{e,g. ferric hydroxide and arsenious sulphide), mutual coagula- 
tion usually occurs because of the neutralisation of charges. 

The above remarks apply largely to hydrophobic sols. 
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Hydrophilic sols are generally much more difficult to flocculate 
than hydrophobic so£. If a small amount of a hydrophilic sol 
(preferably, but not necessarily, with the same charge), e.g. 
gelatin, is added to a hydrophobic sol, e.g, of gold, then the 
latter appears to be strongly protected against the flocculating 
action of electrolytes. It may be that the particles of the 
lyophilic sol are adsorbed by the lyophobic sol and impart their 
properties to the latter. The hydrophilic substance is known 
as a protective colloid. An explanation is thus provided of 
the relative stability of the otherwise unstable gold (or other 
noble metal) sols produced by the addition of a little gelatin or 
of the salts of protalbic or lysalbie acids (the latter are obtained 
by the alkaline hydrolysis of albumin). For this reason organic 
matter, which might form a protective colloid, is generally 
destroyed before proceeding with an analysis. 

During the flocculation of a colloid by an electrolyte, the ion 
of opposite sign to that of the colloid is adsorbed to a varying 
degree on the surface; the higher the valency of the ion, the 
more strongly is it adsorbed. In all cases, the precipitate wiU 
be contaminated by surface adsorption. Upon washing the 
precipitate with water, part of the adsorbed electrolyte is 
removed, and a new difficulty may arise. The electrolyte con- 
centration in the supernatant liquid may fall below the coagula- 
tion value, and the precipitate will pass into colloidal solution 
again. This phenomenon is known as peptisation. It can be 
prevented by washing the precipitate with a suitable electrolyte. 

The adsorptive properties of colloids find some application in 
analysis, e,g, (i) in the removal of phosphates by hydrated 
stannic oxide in the presence of nitric acid (compare Section 
VIII, 2), and (ii) in the formation of coloured lakes from col- 
loidal metallic hydroxides and certain soluble dyes (see tests 
for Aluminium in Section III, 21, and for Magnesium in Section 
III, 33). There is, however, some evidence that lake formation 
may be partly chemical in character. 

Precipitates thrown down from dilute or very concentrated 
solutions are often in the form of very fine crystals. These 
fine precipitates will generally become filterable if allowed to 
stand for some time in contact with the mother liquor, pre- 
ferably, if the solubility permits, near the boiling point of the 
solution. The addition of macerated filter paper, in the form 
of a Whatman filtration accelerator ox the Schleicher and 
Schuell (U.S.A.) filter pulp No. 289, is beneficial; the latter is 
particularly valuable for assisting the filtration of colloidal 
precipitates. The macerated filter paper increases the speed 
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of filtration by retaining part of the precipitate aiid thus pre- 
venting the clogging of the pores of the filter paper. ^ W 
the precipitation has taken place from concentrated solntion, 
the crystals are formed so rapidly that they are imperfect. 
On standing the crystals tend to perfect themselves : very small 
particles have a greater solubility than larger particles, hence 
they dissolve and are deposited upon the larger crystals. 
Occasionally the precipitate first formed is a metastable modifi- 
cation which is changed on standing into a more stable and less 
soluble state. The process of ageing of precipitates is spoken 
of as digestion. 

When a precipitate separates from a solution, it is not always 
perfectly pure : it may contain varying amounts of impurities 
dependent upon the nature of the precipitate and the conditions 
of precipitation. The contamination of the precipitate by sub- 
stances which are normally soluble in the mother liquor is 
termed coprecipitation (see also Section 1, 16). Two important 
types of coprecipitation must be distinguished. The first is 
concerned with adsorption at the surface of the particles exposed 
to the solution, and the second relates to the occlusion of foreign 
substances during the process of crystal growth from the 
primary particles. Surface adsorption is, in general, greatest 
for gelatinous precipitates and least for those of pronounced 
macro-crystalline character. 

Some precipitates are deposited slowly and the solution is in 
a state of supersaturation for a considerable time. Thus, when 
calcium oxalate is precipitated in the presence of a high con- 
centration of magnesium ions, the precipitate is practically 
pure at first, but if it is allowed to remain in contact with the 
solution, magnesium oxalate forms slowly and the presence of 
the calcium oxalate precipitate tends to accelerate the forma- 
tion of the magnesium oxalate. This precipitation (magnesium 
oxalate) which occurs on the surface of the first precipitate 
(calcium oxalate) after its formation is termed post -precipita- 
tion. It is often encountered with sparingly soluble substances 
which form super-saturated solutions ; they usually have an ion 
in common with the primary precipitate. Another example is 
the precipitation of copper or mercuric sulphide in O-SiV' hydro- 
chloric acid solution in the presence of zinc ions; zinc sulphide 
is slowly post-precipitated. 



CHAPTER II 


EXPERIMENTAL TECHNIQUE OF 
QUALITATIVE INORGANIC ANALYSIS 

Bei’OBE the student attempts to carry out the analytical 
reactions of the various cations and anions detailed in Chapters 
III and IV, he should be familiar with the operations commonly 
employed in qualitative analysis, that is, with the laboratory 
technique involved. It is assumed that the student has had 
some training in elementary practical chemistry, such as that 
given in the author’s manual*; he should be familiar with such 
operations as solution, evaporation, crystallisation, distillation, 
precipitation, filtration, decantation, bending of glass tubes, 
preparation of ignition tubes, boring of corks and construction 
of a wash bottle. These will therefore be either very briefly dis- 
cussed or not described at all in the following pages. 

Qualitative analysis may be carried out on various scales. 
In macro analysis the quantity of the substance employed is 
0-5-1 gram and the volume of solution taken for the analysis 
is about 20 ml. In what is usually termed semimicro analysis, 
the quantity used for analysis is reduced by a factor of OT- 
0-05, i.e. to about 0*05 gram and the volume of solution to 
about 1 ml. For micro analysis the factor is of the order of 
0-01 or less. There is no sharp line of demarcation between 
semimicro and micro analysis: the former has been called centi- 
gram analysis and the latter milligram analysis, but these 
terms indicate only very approximately the amounts used in 
the analysis. It will be noted that only the scale of the 
operations has been reduced; the concentrations of the ions 
remain unchanged. Special experimental techniques have 
been developed for handling the smaller volumes and amounts 
of precipitate, and these will be described in some detail. 
For routine analysis by students, the choice lies between macro 
and semimicro analysis. There are many advantages in adopt- 
ing the semimicro technique; these include : 

(i) Reduced consumption of chemicals and the consequent 
considerable saving in the laboratory budget. 

(ii) The greater speed of the analysis, due to working with 
smaller quantities of materials and the saving of time in 

* Elementary Practical Chemistry, IQZQ (Blackie & Son Ltd.). 
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canryiiig out the various standard operations of filtration, 
wasMng, evaporation, saturation with hydrogen sulphide, etc. 

(iii) Increased sharpness of separation, washing of pre- 
cipitates can he carried out rapidly and efficiently when a 
centrifuge replaces a filter, 

(iv) The amount of hydrogen sulphide used is considerably 
reduced. 

(v) Much space is saved both on the reagent shelves and 
more especially in the lockers provided immediately below the 
bench for the housing of the individual student’s apparatus ; 
the latter merit may be turned to good use by reducing the 
size of the bench lockers considerably and thus effectively 
increasing the accommodation of the laboratory. 

(vi) The desirability of securing a training in the manipula- 
tion of small amounts of material. 

For these, and also other, reasons many laboratories now 
employ semimicro analysis, particularly for the elementary 
courses. Both macro and semimicro procedures will be given 
separately in this book in order that the requirements of all 
types of students may be met. Nevertheless, when the semi- 
micro technique is adopted, students are recommended to read 
the Sections dealing with macro technique. It may be said 
that when the general technique of semimicro analysis has been 
mastered and appreciated, no serious difficulty should be en- 
countered in adapting a macro procedure to the semimicro 
scale. Apart from drop reactions, few applications of the micro 
technique will be described in the text. 

Qualitative analysis utilises two kinds of tests, dry reactions 
and wet reactions. The former are applicable to solid sub- 
stances and the latter to substances in solution. Most of the 
dry reactions to be described can be used with only minor 
modifications for semimicro analysis. Dry tests appear to have 
lost their popularity in certain quarters; they do, however, 
often provide useful information in a comparatively short time 
and a knowledge as to how they are carried out is desirable for 
all students of qualitative analysis. Different techniques are 
employed for wet reactions in macro, semimicro and micro 



TECHNIQUE OF MACRO ANALYSIS 

IL L DRY REACTIONS 

1. Action of heat. The substance is placed in a small 
ignition tube (bulb tube), prepared jfrom soft glass tubing, and 
heated in a Bunsen flame, gently at first and then more strongly. 
Small test-tubes, 2 inches X inch, which are readily 
obtainable and are cheap, may also be employed. Sublimation 
may take place, or the material may melt or may decompose 
with an attendant change in colour, or a gas may be evolved 
which can be recognised by certain characteristic properties 
(see Chapter V, Section VII, 2, Preliminary Dry Tests, Test i). 

2. Blowpipe tests. A luminous Bunsen flame (air holes 
completely closed), about 2 inches long, is employed for these 


Fig. 11,1, 1 

tests. A reducing flame is produced by placing the nozzle of 
a mouth blowpipe just outside the flame, and Wowing gently 
so as to cause the inner cone to play on the substance under 
examination. An oxidising flame is obtained by holding the 
nozzle of the blowpipe about one-third within the flame and 
blowing somewhat more vigorously in a direction parallel with 
the burner top; the extreme tip of the flame is allowed to play 
upon the substance. Fig. Jl, 1, 1 illustrates the oxidising and 
reducing flames. 

The tests are carried out upon a clean charcoal block in 
which a small cavity has been made with a pen-knife or with 
a small coin. A little of the substance is placed in the cavity 
and heated in the oxidising flame. Decrepitation will occur 
with crystalline salts; deflagration indicates the presence of 
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an oxidising agent (nitrate, nitrite, chlorate, etc.). More fre- 
quently the po-wdered substance is mixed with twice its bulk 
of anhydrous sodium carbonate or, preferably, with /‘fusion 
mixture’’ (an eqni-molecnlar mixture of sodium and potassium 
carbonates; this has a lower melting point than sodium car- 
bonate alone) in the reducing flame. The initial reaction con- 
sists in the formation of the carbonates of the cations present 
and of the alkali salts of the anions. The alkali salts are largely 
adsorbed by the porous charcoal, and the carbonates are, for 
the most part, decomposed into the oxides and carbon dioxide. 
The oxides of the metals may further decompose, or be reduced, 
to the metals or they may remain unchanged. The final pro- 
ducts of the reaction are therefore either the metals alone, 
metals and their oxides, or oxides. The oxides of the noble 
metals (silver and gold) are decomposed without the aid of the 
charcoal into the metal, which is often obtained as a globule, 
and oxygen. The oxides of lead, copper, bismuth, antimony, 
tin, iron, nickel and cobalt are reduced either to a fused metallic 
globule (Pb, Bi, Sn and Sb) or to a sintered mass (Ou) or to 
ghstening metallic fragments (Fe, Ni and Co). The oxides of 
cadmium, arsenic and zinc are readily reduced to the metal, 
but these are so volatile that they vaporise and are carried 
from the reducing to the oxidising zone of the flame, where 
they are converted into difficultly volatile oxides. The oxides 
thus formed are deposited as an incrustation round the cavity 
of the charcoal block. Zinc 3 delds an incrustation which is 
yellow while hot and white when cold; that of cadmium is 
brown and is moderately volatile; that of arsenic is white and 
is accompanied by a garlic odour due to the volatilisation of 
the arsenic. A characteristic incrustation accompanies the 
globules of lead, bismuth and antimony . 

The oxides of aluminium, calcium, strontium, barium and 
magnesium are not reduced by charcoal ; they are infusible and 
glow brightly when strongly heated. If the white residue or 
white incrustation left on a charcoal block is treated with a 
drop of cobalt nitrate solution and again heated, a bright blue 
colour, which probably consists of either a compound or a solid 
solution of cobaltous and aluminium oxides (Thenard’s blue), 
indicates the presence of aluminium,* a pale green colour, 
probably of similar composition (Rinmann’s green), is indicative 
of zinc oxide, and a pale pink mass is formed when magnesium 
oxide is present (see Chapter YU, Section VII, 2, Preliminary 
Dry Tests, Test iii). 

* ^ blue coloi^ is also ^iven by phosphates^ arsenates^ silicates or borates. 
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5. Flame tests. In order to understand the operations 
involved in the flame colour tests and the various bead tests 
to be described subsequently, it is necessary to have some 
knowledge of the structure of the non-luminous Bunsen flame 

(Fig. lJ, I, 2). . X* , 

The non’-luminous Bunsen flame consists of three parts : 

(i) an inner blue cone ADB consisting largely of unbumt gas; 

(ii) a luminous tip at D (this is only visible when the air holes 
are slightly closed); and (iii) an outer mantle ACBD in which 
complete combustion of the gas occurs. The principal parts of 
the flame, according to Bunsen, are clearly indicated in Fig. 
JJ, 1, 2. The lowest temperature is at the base of the flame (a) ; 
this is employed for testing 
volatile substances to determine 
whether they impart any colour 
to the flame. The hottest part 
of the flame is the fusion zone 
at (6) and lies at about one- 
third of the height of the flame 
and approximately equidistant 
from the outside and inside of 
the mantle ; it is employed for 
testing the fusibility of sub- 
stances, and also, in conjunction 
with (a), m testing the relative 
volatilities of substances or of 
a mixture of substances. The 
lower oxidising zone (c) is 
situated on the outer border 
of (6) and may be used for the 
oxidation of substances dis- 
solved in beads of borax, sodium 
carbonate or microcosmio salt. The upper oxidising zone {d) 
consists of the non-luminous tip of the flame; here a large 
excess of oxygen is present and the flame is not so hot as at (c). 
It may be used for all oxidation processes in which the highest 
temperature is not required. The upper reducing zone (c) is 
at the tip of the inner blue cone and is rich in incandescent 
carbon ; it is especially useful for reducing oxide incrustations 
to the metal. The lower reducing zone (/) is situated in the 
inner edge of the mantle next to the blue cone and it is here 
that the reducing gases mix mth the oxygen of the air; it is a 
less powerful reducing zone than (e), and may be employed for 
the reduction of fused borax and similar beads. 



'Upper Oxidising Zone (d) 


^Upper Reducing Zone (e) 
^Hottest Portion of Flame (b) 

Lower Oxidising Zone (c) 

' "Lower Reducing Zone (f) 

" "--Low Temperature Zone (a) 
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Fig. II, 1, 2 
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W return to the flame tests. Compotinds of certain 

metals are volatilised in the non-lnminons Bunsen flame and 
impart oharacterktic colours to the flame. The chlorides are 
amongst the most volatile compounds, and these are prepared 
in by mixing the compound with a little concentrated 
hydrochloric acid before carrying out the tests. The procedure 
is as follows. A thin platinum wire* about 5 cm. long and 
0.03-0-05 mm. in diameter, fused into the end of a short piece 
of glass tubing or glass rod which serves as a handle, is 
employed. TMs is fhst thoroughly cleaned by dipping it into 
concentrated hydrochloric acid contained in a watch glass and 
then heating it in the fusion zone (6) of the Bunsen flame ; the 
wire is clean when it imparts no colour to the flame. The wire 
is dipped into concentrated hydrochloric acid on a watch glass, 
then into a little of the substance whereby a little adheres to 
the wire. It is then introduced into the lower oxidising zone 
(<j), and the colour imparted to the flame observed. Less 
volatile substances are heated in the fusion zone (6); in this 
way it is possible to make use of the difference in volatilities 
for the separation of the constituents of a mixture. 

A table showing the colours imparted to the flame by salts 
of different metals is given in Chapter V, Section VII, 2, 
Preliminary Dry Tests, Test (ii). Carry out flame tests with the 
chlorides of sodium, potassium, calcium, strontium and barium 
and record the colours you observe. Repeat the test with a 
mixture of sodium and potassium chlorides. The yellow 
coloration due to the sodium masks that of the potassium. 
View the flame through two thicknesses of cobalt glass; the 
yellow sodium colour is absorbed and the potassium flame 
appears crimson. 

Potassium chloride is much more volatile than the chlorides 
of the alkaline earth metals. It is therefore possible to detect 
potassium in the lower oxidising flame and the calcium, stron- 
tium and barium in the fusion zone. 

After all the tests, the platinum wire should be cleaned with 
concentrated hydrochloric acid. It is a good plan to store the 
wire permanently in the acid. A cork is selected that just fits 
into a test-tube, and a hole bored through the cork through 
which the glass holder of the platinum wire is passed. The 
test-tube is about half filled with concentrated hydrochloric 

* If a platimim wire is not available, a short length of chromel (or nichrome) 
wire, bent into a small loop at one end and inserted into a cork (to serve as a 
h^dle) at the other, may be used. This is not as satisfactory as platinum 
wire and is not recommended. 
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acid so that when the cork is placed in position, the platinum 
wire is immersed in the acid. 

A platinum wire sometimes acquires a deposit which is removed with 
difficulty by hydrochloric acid and heat. It is then best to employ 
fused potassium hydrogen sulphate. A coating of potassium hydrogen 
sulphate is made to adhere to the wire by drawing the hot wire across 
a piece of the solid salt. Upon passing the wire slowly through a flame, 
the bead of potassium pyrosulphate which forms travels along the wire, 
dissolving the contaminating deposits. When cool, the bead is readily 
dislodged. Any small residue of pyrosulphate dissolves at once in 
water, whilst the last traces are usually removed by a single moistening 
with concentrated hydrochloric acid, followed by heating. The result- 
ing bright clean platinum wire imparts no colour to the flame. 

4, Spectroscopic tests. Flame spectra. The only trust- 
worthy way to employ flame tests in analysis is to resolve the 
light into its component tints and to identify the cations present 



by their characteristic sets of tints. The instrument employed 
to resolve light into its component colours is called a spectro- 
scope. A simple form is shown in Fig. //, 7, 3. It consists 
of a collimator A which throws a beam of parallel rays on the 
prism B, mounted on a turn-table; the telescope C through 
which the spectrum is observed; and a tube D, which contains 


a scale of reference lines which may be superposed upon the 
spectrum. The spectroscope is calibrated by observing the 
spectra of known substances, such as sodium chloride, potas- 
sium chloride, thallium chloride and lithium chloride. The 
conspicuous lines are located on a graph drawn with wave- 
lengths as ordinates and scale divisions as abscissae. The 
wave-length curve may then be employed in obtaining the 
wave-lengths of all intermediate positions and also in establish- 
ing the identity of the component elements of a mixture. 

To adjust the simple table spectroscope described above 
(which is always mounted on a rigid stand), a lighted Bunsen 
burner is placed in front of the collimator A at a distance of 
about 10 cm. from the slit. Some sodium chloride is intro- 
duced by means of a clean platinum wire into the lower part 
of the flame, and the tube containing the adjustable slit rotated 
until the sodium line, as seen through the telescope C, is in a 
vertical position. (If available, it is more convenient to employ 
an electric discharge “sodium lamp,” such as is marketed by 
the General Electric Company : this constitutes a high intensity 
sodium light source.) The sodium line is then sharply focused 
by suitably adjusting the sliding tubes of the collimator and 
the telescope. Finally, the scale D is illuminated by placing a 
small electric lamp in front of it, and the scale sharply focused. 
The slit should also be made narrow in order that the position 
of the lines on the scale can be noted accurately. 

A smaller, relatively inexpensive and more compact instru- 
ment, which is more useful for routine tests in qualitative 
analysis, is the direct vision spectroscope with comparison 
prism,* shown in Pig. //, I, 4, 

The light from the “flame” source passes through the central 
axis of the instrument through the slit, which is adjustable by a 
milled knob at the side. When the comparison prism is interposed, 
half the length of the slit is covered and thus light from a source in 
a position at right angles to the axis of the instrument will fail on 
one-half of the slit adjacent to the direct Hght which enters the 
other half. This hght passes through an achromatic objective lens 
and enters a train of five prisms of the 60® type, three being of 
crown glass and the alternate two of flint glass. The train of 
prisms gives an angular dispersion of about 11® between the red and 
the blue ends of the spectrum. The resulting spectrum, which can 

* The instrument iUustrated is the wave-length prism spectroscope (with 
comparison prism) manufactured by R. and J. Beck Ltd., 69 Mortimer Street, 
London, W.L A similar instrument (“hand spectroscope”) is manufactured 
by R. ‘Winkel, G.m.b.H., KOnigsallee 17-21, Gottingen, Germany: it possesses 
a number of additional features, which render it very convenient to use for 
flame and other tests. 
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be focused by means of a sliding tube adjustment, is observed 
tbrough the window. There is a subsidiary tube adjacent to the 
main tube: the former contains a graticule on a glass disc, which is 
illuminated either from the same source of light as that being 
observed or from a small subsidiary source (e.g, a flash lamp bulb). 
It is focused by means of a lens system comprising two achromatic 
combinations between which is a right angle prism. This prism 
turns the beam of Hght so that it falls on the face of the end prism 
(of the train of five prisms) and is reflected into the observer’s eye, 
where it is seen superimposed upon the spectrum. An adjusting 
screw is provided to alter the position of the right angle prism in 



order to adjust the scale relative to the spectrum. The scale is 
calibrated directly iiato divisions of 100 angstroms and has also an 
indication mark at the D-line: it is /'calibrated” by means of a 
sodium source, and the adjusting screw is locked into position by 
means of a locking nut. The instrument can be mounted on a 
special stand. 

If a sodium compound is introduced into the colourless 
Bunsen flame, it colours it yellow; if the light is examined 
by means of a spectroscope, a bright yellow line is visible. By 
narrowing the slit, two fine yellow lines may be seen. The 
mean wave-length corresponding to these two lines is 5893 x 
10 “*7 mm. Wave-lengths are generally expressed in Angstrom 
units; one Angstrom unit (or 1 A) = 10*"^ cm. = m.; 
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sometimes the nnit [Xfi or (milli-mieron) is employed to 
express 10 mm. or 10 -^ m. The mean wave-length of the 
two sodium lines is therefore 5893 A or 589*3 w/x. The elements 
which are usually identified by the spectroscope in qualitative 
analysis are: sodium, potassium, lithium, thallium and, less 
frequently, because of the comparative complexity of their 
spectra, calcium, strontium and barium. The wave-lengths of 
the brightest lines, visible through a good-quality direct vision 
spectroscope, are collected in the following table. As already 
stated, the spectra of the alkaline earth metals are relatively 
complex and consist of a number of fine lines; the wave-lengths 
of the brightest of these are given. If the resolution of the 
spectroscope is small, they will appear as bands. 


Element 

Description of line{s) 

o 

Wave-length in A 

Sodium 

Double yellow 

5890, 5896 

Potassium 

Double red 

7665, 7699 


Double violet 

4044,4047 

Lithium 

Red 

6708 


Orange (faint) 

6103 

Thallium 

Green 

5350 

Calcium 

Orange band 

6182^6203 


Yellowish-green 

5554 


Violet (faint) 

4227 

Strontium 

Red band 

6744, 6628 


Orange 

6060 


Blue 

4607 

Barium 

Green band 

5536, 5347, 5243, 5137 

■ i 

Blue (faint) 

4874 


The spectra of the various elements are shown diagrammatic- 
ally in Eig. 11, 1, 5; the positions of the lines have been drawn 
to scale. 

A more extended discussion is outside the scope of this 
volume, and the reader is referred to the standard works on 
the subject.* 

5. Borax bead tests. A platinum wire, similar to that 
referred to under flame tests, is used for the borax bead tests. 
The free end of the platinum wire is coiled into a small loop 

* See, for example, W. A. Erode, Ohemtcal Spectroscopy, 1943 {J. Wiley; 
Chapman and Hall): N. H. Nachtrieb, PnrwipUs and Practice of Spectro- 
chemical Analysis, 1950 {Erentice-IlaXL), 
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through which an ordinary match will barely pass. The loop 
is heated in the Bunsen flame until it is red hot and then 
quickly dipped into powdered borax Na2B407,10H20. The 
adhering solid is held in the hottest part of the flame; the 
salt swells up as it loses its water of crystallisation and shrinks 
upon the loop forming a colourless, transparent, glass-like bead 
consisting of a mixture of sodium metaborate and boric an- 
hydride;’** 

]Sra2B407 = 2NaB02 B2O3 

The bead is moistened (this may be done with the tongue) and 
dipped into the finely powdered substance whereby only a 
minute amount of the substance will adhere to the bead. It is 
important to employ a minute amount of substance as other- 
wise the bead will become dark and opaque in the subsequent 
heating. The bead and adhering substance is heated first in 
the lower reducing flame, allowed to cool and the colour 
observed. It is then heated in the lower oxidising flame, 
allowed to cool and the colour observed again. 

Characteristic coloured beads are produced with salts of 
copper, iron, chromium, manganese, cobalt and nickel. The 
stu&nt should carry out borax bead tests with salts of these 
metals and compare his results with those tabulated in 
Chapter V, Section VII, 2 , Preliminary Dry Tests, Test (iv), and 
also in Chapter IX, Table VI. 

After each test, the bead is removed from the wire by heating 
it again to fusion, and then jerking it off the wire into a vessel 
of water. The borax bead also provides an excellent method 
for cleaning a platinum wire; a borax bead is run backwards 
and forwards along the wire by suitably heating, and is then 
shaken off by a sudden jerk. 

The coloured borax beads are due to the formation of 
coloured borates; in those cases where different coloured beads 
are obtained in the oxidising and the reducing flames, borates 
corresponding to varying stages of oxidation of the metal are 
produced. Thus with copper salts in the oxidising flame, one 
:has;:;';:\ . ■ 

]S[a2B407 = 2!N^aB02jB203; 

CuO -f B2O3 == Gu(B 02)2 (cupric metaborate). 

* Some authors do not recommend the use of a loop on the platinum wire 
as it is considered that too large a surface of the platinum is thereby exposed. 
According to their procedure, the alternate dipping into borax and heating 
is repeated until a bead l*5--2 mm. in diameter is obtained. The danger of 
the bead faUing off is reduced by holding the wire horizontally. It is the 
present author’s experience that the loop method is far more satisfactory, 
especially in the hands of beginners, and is less time-consuming. 
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TM reaction:: ' '.' 

CuO + NaB02 = NaCuBOs (orthoborate), 
probably also occurs. In the reducing flame (i.c. in the pre- 
sence of carbon), two reactions may take place: (i) the coloured 
cupric salt is reduced to colourless cuprous metaborate — 
2 Cu(B 02)2 + 2NaB02 + C = 2CuB02 + Na2B407 +CO ; 

(ii) the cupric borate is reduced to metallic copper, so that the 
bead appears red and opaque— 

2Cu(B 02)2 + -^aBOg + 20 = 2Cu + 2Na2B407 + 200 
With iron salts Fe(B02)2 and Fe(B02)3 are formed in the 
reducing and oxidising flames respectively. 

Some authors assume that the metal metaborate may com- 
bine with sodium metaborate to give complex borates of the 
type Na2[0u(BO2)4], Na2[M(B02)4] and Na2[0o(BO2)4] : 

Cu(B 02)2 + 2NaB02 == Na2[0u(B02)4] 

6. Phosphate or microcosmic salt bead tests. The 
bead is produced similarly to the borax bead except that 
microcosmic salt, Na(NH4)HP04,4H20, is used. The colour- 
less, transparent bead contains sodium metaphosphate: 

Na(NH 4 )HP 04 = NaPOg -f HgO + NHg 
This combines with metallic oxides forming orthophosphates, 
which are often coloured. Thus a blue phosphate bead is 
obtained with cobalt salts : 

NaPOs -b CoO NaCoP 

The sodium metaphosphate glass exhibits little tendency to 
combine with acidic oxides. Silica, in particular, is not dis- 
solved by the phosphate bead. When a silicate is strongly 
heated in the bead, silica is liberated and this remains sus- 
pended in the bead in the form of a semi-translucent mass; 
the so-called silica “skeleton” is seen in the bead during and 
after fusion. This reaction is employed for the detection of 
silicates: 

CaSiOa + NaPOg = NaCaP 04 + SiOg 
It must, however, be pointed out that many silicates dis- 
solve completely in the bead so that the absence of a silica 
“skeleton” does not conclusively prove that a silicate is not 
present. 

In general, it may be stated that the borax beads are more 
viscous than the phosphate beads. They accordingly adhere 
better to the platinum wire loop. The colours of the phos- 
phates, which are generally similar to those of the borax beads, 
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are usually more pronounced. The various colours of the 
phosphate beads are collected in the following table. 


Oxidising flame 

Reducing flame 

Metal 

Green when hot, blue 
when cold. 

Colourless when hot, 
red when cold. 

Copper 

Yellowish- or reddish- 
brown when hot, 
yellow when cold. 

Yellow when hot, 
colourless to green 
when cold. 

Iron 

Green, hot and cold. 

Green, hot and cold. 

Chromium 

Violet, hot and cold. 

Colourless, hot and cold. 

Manganese 

Blue, hot and cold. 

Blue, hot and cold. 

Cobalt 

Brown, hot and cold. 

Grey when cold. 

Nickel 

Yellow, hot and cold. 

Green when cold. 

Vanadium 

Yellow when hot, 
yellow-green when 
cold. 

Green, hot and cold. 

i 

Uranium 

Pale yellow when hot, 
colourless when cold. 

Green when hot, blue* 
when cold. 

Tungsten 

Colourless, hot and 
cold. 

Yellow when hot, 
violet* when cold. 

Titanium 


* Blood red when fused with a trace of ferrous sulphate. 


7. Sodium carbonate bead tests. The sodium carbonate 
bead is prepared by fusing a small quantity of sodium carbonate 
on a platinum wire loop in the Bunsen flame; a white, opaque 
bead is produced. If this is moistened, dipped into a little 
potassium nitrate and then into a small quantity of a man- 
ganese compound, and the whole heated in the oxidising flame, 
a green bead of sodium manganate is formed: 

MnO hra 2 C 03 ~{~ O 2 =— ]Sra 2 ]Mn 04 -{- GO 2 
K yellow bead is obtained with chromium compounds, due to 
the production of sodium chromate: 

2 Cr 203 -f- 4Na2C03 -f- 3 O 2 = 4l!^a2CrG4 -f- 4 CO 2 

II, 2. WET REACTIONS 

These tests are made with substances in solution. A re- 
action is known to take place {<z) by the formation of a pre- 
cipitate, (6) by the evolution of a gas or (c) by a change of 
colour. The major number of the reactions of qualitative 
analysis are carried out in the wet way and details of these are 
given in later chapters. The following notes upon the methods 
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to be adopted in carrying out the tests will be found of value 
and should be carefolly studied. 

1. Test-tubes. The best size for general use is 6 inches x 
I inch. It is useful to remember that 10 ml. of liquid fills a 
test-tube of this size to a depth of about 1| inches. Smaller 
test-tubes are sometimes used for special tests. For heating 
moderate volumes of liquids a somewhat larger tube, about 
7 inches X 1 inch, the so-called ‘"boiling tube/’ is recom- 
mended. A test-tube brush should be available for cleaning 
the tubes. 

2. Beakers. Those of 50, 100 and 250 ml. capacity and of 
the Griffin form are the most useful m qualitative analysis. 
Clock glasses of the appropriate size should be provided. For 
evaporations and chemical reactions which are likely to become 
vigorous, the clock glass should be supported on the rim of 
the beaker by means of V-shaped glass rods. 

3. Conical or Erlenmeyer flasks. These should be of 
50, 100 and 250 ml. capacity, and are useful for decompositions 
and evaporations. The introduction of a funnel, whose stem 
has been cut off, prevents loss of liquid through the neck of the 
flask and permits the escape of steam. 

4. Stirring rods. A length of glass rod, of about 4 mm. 
diameter, is cut into suitable lengths and the ends rounded 
in the Bunsen flame. The rods should be about 20 cm. long 
for use with test-tubes and 8-10 cm. long for work with basins 
and small beakers. Open glass tubes must not be used as 
stirring rods. A rod pointed at one end, prepared by heating 
a glass rod in the flame, drawing it out when soft as in the 
preparation of a glass jet and then cutting it into two, is 
employed for piercing the apex of a filter paper to enable one 
to transfer the contents of a filter paper by means of a stream 
of water from a wash bottle into another vessel. 

A rubber-tipped glass rod or ""policeman” is employed for 
removing any solid from the sides of glass vessels. A stirring 
rod of polythene (polyethylene) with a thin fan-shaped paddle 
on each end is available commercially* and functions as a 
satisfactory ""policeman” at the laboratory temperature: it 
can be bent into any form. 

* “Police rod’’ from New York Laboratory Supply Co. Inc., 76 Varick 
Street, New York, N.Y.13, XJ.S.A. A similar “police rod” is supplied by 
Rediweld Ltd., 15/17 Crompton Way, Crawley, Sussex, England. 
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5. Wash bottle. This may consist of a 500 ml. flat- 
bottomed flask, and the stopper carrying the two tubes should 
be preferably of rubber (compare Fig. II, 3, 9, a). It is recom- 
mended that the wash bottle be kept ready for use filled with 
hot water as it is usual to wash precipitates with hot water; 
this runs through the filter paper rapidly and has a greater 
solvent power than cold water, so that less is required for 
efficient washing. Asbestos string or cloth should be wound 
round the neck of the flask in order to protect the hand. 

A rubber bulb may be attached to the short tube as in Fig. 
II, 3, 9, 6: this form of wash bottle is highly convenient and is 
more hygienic than the type requiring blowing by the mouth. 

6. Precipitation. When excess of a reagent is to be used 
in the formation of a precipitate, tliis does not mean that an 
excessive amount of it should be employed. In most cases, 
unless specifically stated, only a moderate amount over that 
required to bring about the reaction is necessary. This is 
usually best detected by filtering a little of the mixture and 
testing the filtrate with the reagent ; if no further precipitation 
occurs, a sufficient excess of the reagent has been added. It 
should always be borne in mind that a large excess of the 
precipitating agent may lead to the formation of complex ions 
and consequent partial solution of the precipitate; further- 
more, an unnecessary excess of the reagent is wasteful and 
may lead to complications at a subsequent stage of the analysis. 

7. Precipitation with hydrogen sulphide. This opera- 
tion is of such importance in qualitative analysis that it merits 
a detailed discussion. One method, which is sometimes 
employed, consists in passing a stream of gas in the form of 
bubbles through the solution contained in an open beaker, 
test-tube or conical flask; this procedure is sometimes termed 
the ‘'bubbling’’ method. The efficiency of the method is low, 
particularly in acid solution; absorption of the gas takes place 
at the surface of the bubbles and, since the gas is absorbed 
slowly, most of it escapes into the air of the fume chamber and 
is wasted. It must be remembered that the gas is highly 
poisonous. The bubbling*^ method is not recommended arid 
should not be used for macro analysis. The most satisfactory 
procedure (the “pressure” method) is best described with the 
aid of Fig. II, 2, I, a. The solution is contained in a small 
conical flask A, wMch is provided with a stopper and lead-in 
tube: B is a wash bottle containing water and serves to 
remove any hydrochloric acid spray that might be carried 
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over from the Kipp’s apparatus in the gas stream : G is a 
stopcock which controls the flow of gas from the generator, 
whilst stopcock D* provides an additional control for the gas 
flow. The conical flask is connected to the wash bottle by a 
short length of rubber tubing. The stopper is first loosened 
in the neck of the flask and the gas stream turned on (C first, 
followed by D) so as to displace most of the air in the flask: 
this will take not more than about 30 seconds. With the gas 
flowing, the stopper is inserted tightly and the flask is gently 
shaken with a rotary motion: splashing of the liquid on to the 
H 2 S delivery tube should be avoided. In order to ensure that 
all the air has been expelled, it is advisable to loosen the 
stopper in A again to sweep out the gas and then to tightly 

c D 




(a) ib)' 

Fig. 1 



stopper the flask. Passage of the gas is continued with gentle 
rotation of the flask until the bubbling of the gas in B has 
almost ceased.t At this point the solution in A should be 
saturated with hydrogen sulphide and precipitation of the 
sulphides should be complete : this will normally require only a 
few minutes. Complete precipitation should be tested for by 
separating the precipitate by filtration, and repeating the pro- 
cedure with the filtrate until the hydrogen sulphide produces 
no further precipitate. Occasionally a test-tube replaces the 

* stopcock D is optional; it prevents diffusion of air into the wash bottle 
and thus ensures an almost immediate supply of HgS. 

t It must he borne in mind that the gas may contain a small proportion 
of hydrogen, due to iron usually present in the oonunerciai ferrous sulphide. 
Displacement of the gas in the flask (by loosening the stopper) when the 
bubbling has diminished considerably will ensure complete precipitation. 
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conical flask; it is shown (with the stopper) in (6). The 
deliYery tuhe must be thoroughly cleaned after each precipita- 
tion. The advantages of the ''pressure'’ method are: (i) 
large surface of the liquid is presented to the gas and (ii) it 
prevents the escape of large amounts of unused gas. 

S. Filtration. The purpose of filtration is, of course, to 
separate the mother liquor and excess of reagent from the 
precipitate . A moderately fine-*textured filter paper is generally 
employed. The size of the filter paper is controlled by the 
quantity of precipitate and not by the volume of the solution. 
The upper edge of the filter paper should be about 1 cm, from 
the upper rim of the glass fuiineL It should never be more 
than about two-thirds full of the solution. Liquids con- 
taining precipitates should be heated before filtration except 
in special cases, such as those containing lead chloride which 
is more soluble in hot than cold water. Gelatinous precipi- 
tates, which usually clog the pores of the filter paper and thus 
considerably reduce the rate of filtration, may be filtered 
through fluted filter paper or through a pad of filter papers 
resting on the plate of a Buchner funnel (Fig. //, 2, 4, B or C)\ 
this procedure may be used when the quantity of the precipitate 
is large and is to be discarded (compare Section III, 2D, re- 
action 8), The best method is to add a little filter paper pulp 
to the solution and then to filter in the normal manner. The 
filter paper pulp may consist of {a) filter paper clippings, 
ashless grade, (6) a filtration "accelerator” or "ashless tablet” 
(Whatman), or (c)" dry-dispersed,” ash-&ee, analytical filter 
paper pulp (Schleicher and Schuell, U.S.A.). All the various 
forms of pure filter paper pulp increase the speed of filtration 
by retaining part of the precipitate and thus preventing the 
clogging of the pores of the filter paper. 

When a precipitate tends to pass through the filter paper, it 
is often a good plan to add an ammonium salt, such as 
ammonium chloride or nitrate, to the solution; this will help 
to prevent the formation of colloidal solutions. The addition 
of a Whatman filtration "accelerator” may also be advan- 
tageous. 

A precipitate may be washed by decantation, as much as 
possible being retained in the vessel during the first two or 
three washings, and the precipitate then transferred to the 
filter paper. This procedure is unnecessary for coarse, crystal- 
line, easy filterable precipitates as the washing can be carried 
out directly on the filter paper. This is best done by directing 
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a stream of water from a wash bottle first around the upper 
rim of the filter and following this down in a spiral towards 
the precipitate in the apex; the filter is filled about one-half to 
two-thirds full at each washing. The completion of washing, 
i.e. the removal of the precipitating agent, is tested for by 
chemical means; thus if a chloride is to be removed, with silver 
nitrate solution. If the solution is to be tested for acidity or 
alkalinity, a drop of the thoroughly stirred solution, removed 
upon the end of a glass rod, is placed in contact with a small 
strip of ''neutrar’ litmus paper or of '‘'wide range’’ or "uni- 
versal” test paper (Section I, 38) on a watch glass. Other test 
papers are employed similarly. 

9. Removal of the precipitate from the filter. If the 
precipitate is bulky, sufficient for examination can be removed 
with the aid of a small nickel or stainless steel spatula. If the 
amount of precipitate is small, one of two methods may be 
employed. In the first, a small hole is pierced in the base of 
the filter paper with a pointed glass rod and the precipitate 
washed into a test-tube or a small beaker with a stream of 
water from the wash bottle. In the second, the filter paper is 
removed from the funnel, opened out on a clock glass and 
scraped with a spatula. 

It is frequently necessary to dissolve a precipitate completely. 
This is most readily done by pouriug the solvent, preferably 
whilst hot, on to the filter and repeating the process, if neces- 
sary, until all the precipitate has passed into solution. If it is 
desired to maintain the volume of the liquid small, the filtrate 
may be poured repeatedly through the filter until all the pre- 
cipitate has passed into solution. When only a small quantity 
of the precipitate is available, the filter paper and precipitate 
may be heated with the solvent and iffitered. 

10, Aids to filtration. The simplest device is to use a 

funnel with a long stem, or better to attach a narrow-bored 
glass tube, about 18 inches long and bent as shown in Fig. 
/I, 2, 2, to the funnel by means of rubber tubing. The lower 
end of the tube or of the funnel should touch the side of the 
vessel in which the filtrate is being collected in order to avoid 
splashing. The speed of filtration depends inter alia upon the 
length of the water ^ 

Where large quantities of liquids and/or precipitates are to 
be handled, or if rapid filtration is desired, filtration under 
d iminis hed pressure is employed: a metal or glass water pump 
may be used to provide the reduced pressure. A filter flask 
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of 250-500 ml. capacity is fitted with a two-holed rubber bung : 
a long glass tube is passed through one hole and a short glass 
tube, carrying a glass stopcock at its upper end, through the 
other hole. The side arm of the flask is connected by means 
of thick-walled rubber tubing ('‘pressure” tubing) to another 
flask, into the mouth of which a glass funnel is 
fitted by means of a rubber bung. Upon apply- 
ing suction to the filter paper fitted into the 
funnel in the usual way, it will be punctured or 
sucked through, particularly when the volume of 
the liquid in the funnel is small. To surmount 
the difficulty, the filter paper must be supported 
in the funnel. For this purpose either a Whatman 
filter cone (No. 51) made of a specially hardened 
filter paper, or a Schleicher and Schuell (U.S.A.) 
filter paper support (No. 123), made from a 
muslin-type of material which will not retard 
filtration, may be used. Both types of support 
are folded with the filter paper to form the normal 
type of cone (Fig. J/, 2, 3). After the filter paper 
has been supported in the funnel, filtration may 
be carried out in the usual manner under the 
partial vacuum created by the pump, the stopcock 
T being closed. When filtration is complete, the 
Fig. //, 2, 2 stopcock T is opened, air thereby entering the 
apparatus which thus attains atmospheric pres- 
sure: the filter funnel may now be removed from the filter 
flask (Fig. //, 2, 4, a). 

For a large quantity of precipitate, a small Buchner funnel 
(6 in Fig. i7, 2, 4, shown enlarged for the sake of clarity) is 


Fig. II, 2, 3 

employed. This consists of a porcelain fumiel in which a 
perforated plate is incorporated. Two thicknesses of well- 
fitting filter paper cover the plate. The Buchner funnel is 
fitted into the filter flask by means of a cork. When the 
volume of liquid is small, it may be collected in a test-tube 
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placed inside the filter flask. The Jena “slit sieve” funnel,* 
shown in c, is essentially a transparent Buchner funnel; its 
great advantage over the porcelain Buchner funnel is that it 
is easy to see whether the funnel is perfectly clean. 

Strongly acidic or alkaline solutions cannot be filtered 
through ordinary filter paper. They may be filtered through 
a small pad of glass wool or of asbestos placed in the apex of 



Fig. II, 2, 4 


a glass funnel. A more convenient method, applicable to 
strongly acidic and mildly basic solutions, is to employ a 
sintered glass funnel (Fig. JI, 2, 4, d) : the fiilter plate, which is 
available in various porosities, is fused into a resistance glass 
(borosilicate) funnel. Filtration is carried out under reduced 
pressure exactly as with a Buchner funnel. 

II. Evaporation. The analytical procedure may specify 
evaporation to a smaller volume or evaporation to dryness. 
Both operations can be conveniently carried out in a porcelain 
evaporating dish or casserole : the capacity of the vessel should 
be as small as possible for the amount of liquid being reduced 

* A Pyrex ‘‘sHt sieve ” fmmel, with 65 Him. disc, is available commercially. 

6 
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in volume. The most rapid evaporation is achieved by heating 
the dish directly on a wire gauze. For many purposes a water 
bath (a beaker half-filled with water maintained at the boiling 
point is quite suitable) will serve as a source of heat; the rate 
of evaporation will of course be slower than by direct heating 
with a flame. Should corrosive fumes be evolved during the 
evaporation, the process must be carried out in the fume 
cupboard. When evaporating to dryness, it is frequently 
desirable, in order to minimise spattering and 
bumping, to remove the dish whilst there is still a 
little liquid left; the heat capacity of the evapora- 
ting dish is usually sufficient to complete the 
operation without further heating. 

The reduction in volume of a solution may also 
be accomplished by direct heating in a small 
beaker over a wire gauze or by heating in a wide 
test-tube boiling-tube”), held in a holder, by a 
free flame; in the latter case care must be taken 
^ ' that the liqmd does not bump violently. A useful 
Fig.IJ, 2, 5 anti -bumping device, applicable to solutions from 
which gases (hydrogen sulphide, sulphur dioxide, 
etc.) are to be removed by boiling, is shown in Fig. //, 2, 5. 
It consists of a length of glass tubing sealed off about 1 cm. 
from one end, and is inserted into the solution. The device 
must not be used in solutions that contain a precipitate. 

12. Drying of precipitates. Partial drying, which is 
suflSicient for many purposes, is accomplished by opening out 
the filter, laying it upon several dry filter papers and allowing 
them to absorb the water. More complete (frying is obtained 
by placing the funnel containing the fflter paper in a “ (frying 
cone” (a hollow tinned-fron cone or cylinder), which rests either 
upon a sand bath or upon a wire gauze and is heated by means 
of a small flame. The funnel is thus exposed to a current of 
hot air, which rapidly dries the filter and precipitate. Great 
care must be taken not to char the filter paper. A safer but 
slower method is to place the funnel and filter paper, or the 
filter paper alone resting upon a clock glass, insMe a steam 
oven. 

13. Cleaning of apparatus. The importance of using 
clean apparatus cannot be too strongly stressed. All glass- 
ware should be put away clean. A few minutes should be 
devoted at the end of the day’s work to “cleaning up”; the 
student should remember that wet dirt is very much easier to 
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remove than dry dirt. A test-tube brush is provided to clean 
test-tubes and other glass apparatus. Test-tubes may be in- 
verted in the test-tube stand and allowed to drain. Other 
apparatus, after rinsing with distilled water, should be wiped 
dry with a '‘glass cloth,” that is, a cloth which has been 
washed at least once and contains no dressing. 

Glass apparatus which appears to be particularly dirty or 
greasy is cleaned by soaking in "chromic acid mixture” (con- 
centrated sulphuric acid in which sodium dichromate is dis- 
solved; say, 70 g. Na 2 Gr 207 , 2 H 20 per litre), followed by a 
liberal washing with tap water, and then with distilled water. 

74. Some working hints. (1) Always work in a tidy, 
systematic manner. Eemember a tidy bench is indicative of 
a methodical mind. A string duster is useful to wipe up 
liquids spilt upon the bench. All glass and porcelain apparatus 
must be scrupulously clean. 

(2) Reagent bottles and their stoppers should not be put 
upon the bench. They should be returned to their correct 
places upon the shelves immediately after use. If a reagent 
bottle is empty, it should be returned to the store-room for 
filling. 

(3) When carrying out a test which depends upon the forma- 
tion of a precipitate, make sure that both the solution to be 
tested and the reagent is absolutely free from suspended par- 
ticles. If this is not the case, filter the solutions &st. 

(4) Do not waste gas or chemicals. The size of the Bunsen 
flame should be no larger than is absolutely necessary. It 
should be extinguished when no longer required. Avoid using 
unnecessary excess of reagents. Reagents should always be 
added portion-wise. 

(5) Pay particular attention to the disposal of waste. 
Neither strong acids nor strong alkalis should be thrown into 
the sink ; they must be largely diluted first, and the sink flushed 
with much water. Solids (corks, filter paper, etc.) should be 
placed in the special boxes provided for them in the laboratory. 
On no account may they be thrown into the sink. 

(6) All operations involving (£^) the passage of hydrogen 
sulphide into a solution, (6) the evaporation of concentrated 
acids, (c) the evaporation of solutions for the removal of 
ammonium salts and {d) the evolution of poisonous or dis- 
agreeable vapours or gases must be conducted in the fume 
chamber. 

(7) All results, whether positive, negative or inconclusive. 
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must be recorded neatly in a notebook in ink at the 
are made. The writing up of experiments should not be post- 
poned until after the student has left the laboratory. Apart 
jfrom inaccuracies which may thus creep in, the habit of per- 
forming experiments and recording them immediately is one 
that should be developed from the very outset. 

(8) If the analysis is incomplete at the end of the laboratory 
period, label all solutions and precipitates clearly. It is a good 
plan to cover these with filter paper to prevent the entrance 
of dust, etc. 
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TECHNIQUE OF SEMIMICRO ANALYSIS 

IL 3. Semimicro apparatus and semimicro analytical 
operations. — ^The essential technique of semimicro analysis 
does not differ very greatly from that of macro analysis. 
Since volumes of the order of 1 ml. are dealt with, the scale of 
the apparatus is reduced; it may be said at once that as soon 
as the simple technique has been acquired and mastered, the 
student will find it just as easy to manipulate these small 
volumes and quantities as to work with larger volumes and 
quantities in ordinary test-tubes (150 x 20 mm.) and related 
apparatus. The various operations occupy less time and the 
consumption of chemicals and glassware is reduced consider- 
abty; these two factors are of great importance when time and 
money are limited. Particular care must be directed to having 
both the apparatus and the working bench scrupulously clean. 

2. Test-tubes and centrifuge tubes. Small Pyrex test- 
tubes (usually 75 X 10 mm., 4 ml.; sometimes 100 X 12 mm., 



4ml. Bmi 20ml. Bml. 


{a) (t>) (o) (d) 

mg. 11,3 , 1 

8 ml.) are used for reactions which do not require boiling. 
When a precipitate is to be separated by centrifuging, a test- 
tube with a tapered bottom, known as a centrifuge tube 
(Fig. II j 3, 1, d) is generally employed ; here, also, the contents 
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cannot be boiled as ‘‘bumping” will occur. Various sizes are 
available ; the 3 ml. centrifuge tube is the most widely used 
and will be adopted as standard throughout this book. For 
rapid concentration of a solution by means of a free flame, the 
semimicro boiling tube (60 X 25 mm., Pyrex; Fig. J/, 3, 1, c) 
will be found convenient. 

2. Stirring rods. Solutions do not mix readily in semi- 
micro test-tubes and centrifuge tubes: mixing is effected by 



Fig. 11, B, 2 



means of stirring rods. These can readily 
be made by cutting 2 mm. diameter glass 
rod into 12 cm. lengths. A handle may 
be formed, if desired, by heating about 1 
cm. from the end and bending it back at 
an angle of 46® (see Fig. I/, 3, 2, b). The 
sharp edges are fire-polished by heating 
momentarily in a flame. In washing a 
precipitate with water or other liquid, 
it is essential to stir the precipitate so 
that every particle is brought in contact 
with as large a volume of liquid as 
possible: this is best done by holding 
the tube almost horizontal, to spread 
the precipitate over a large surface, and 
then stirring the suspension (Fig. 11, 3, 
2 , by 



(a) (b) ^ 

Fig. JJ, 3, 3 


3. Droppers. For handling liquids in semimicro analysis, 
a dropper (also termed a dropper pipette) is generally employed. 
Two varieties are shown in Fig. IJ, 3, 3, a and 6. The former 
finds apphcation inter alia with 30 or 60 ml. (1 or 2 fluid 
ounce) reagent bottles and may therefore be called a reagent 
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dropper ; the capillary of the latter (6) is long enongh to reach 
to the bottom of a 3 ml. centrifuge tube, and is used for re- 
moving supernatant liquids from test-tubes and centrifuge tubes 
and for the quantitative addition of reagents. Dropper b will 
be named a capillary dropper. 

WMlst both types of dropper may be purchased, it is quit© a simple 
operation (and excellent practice) to make them from glass tubing. 
To make a capillary dropper, take a piece of glass tubing about 20 cm. 
long and of 7 mm. bore and heat it near the middle in a Bunsen or 
blowpipe flame, rotating slow'ly all the time. When the centre is soft, 
allow the glass to thicken slightly by continuing the heating and rotating 
whilst exerting a gentle inward pressure from the ends. Bemove the 
tube from the flame and slowly draw out the softened portion to form 
a fairly thick-walled capillary about 20 cm. long and 2 mm. diameter. 
When cold, cut the capillary at the mid-point with a file. Fire-polish 
the capillary ends by rotating in a flame for a moment or two. In 
order that a rubber bxilb (teat) may fit securely on the wide end, heat 
it cautiously in a flame imtil just soft, and whilst rotating slowly open 
it up with a fil© or glass-worlcer’s triangular “reamer”; alternatively, 
the softened end of the tube may be quickly pressed down on an 
asbestos or uralite sheet or upon some other inert smface. A reagent 
dropper is made in a similar manner except that it is unnecessary to 
appreciably thicken the middle of the tube before drawing out. 

Before use the droppers must be calibrated, i.e. the volume 
of the drop delivered must be known. Introduce some distilled 
water into the clean dropper by dipping the capillary end into 
some distiUed water in a beaker and compressing and then 
releasing the rubber teat or bulb. Hold the dropper vertically 
over a clean dry 5 ml. measuring cylinder, and gently press the 
rubber bulb. Count the number of drops until the meniscus 
reaches the 2 ml. mark. Repeat the calibration until two 
results are obtained which do not differ by more than 2 drops. 
Calculate the volume of a single drop. The dropper should 
deliver between 30 and 40 drops per ml. Attach a small label 
to the upper part of the dropper giving the number of drops 
per ml. 

The standard commercial form of medicine dropper, with a 
tip of 1*5 mm. inside diameter and 3 mm. outside diameter, 
delivers drops of dilute aqueous solutions about 0-05 ml. in 
volume, i.6. about 20 drops per ml. This dropper is somewhat 
more robust than that shown in Fig, II, 3, 3, a as it has a 
shorter and thicker capillary: this may be an advantage for 
elementary students, but the size of the drop (ca. 20 per ml.) 
may be slightly too large when working with volumes of the 
order of 1 ml. However, if this dropper is used, it should be 
calibrated as described in the previous paragraph. 
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It miist be remembered that the volume of the drop delivered by a 
dropper pipette depends upon the density, surface tension, etc., of the 
liquid. If the dropper delivers 20 drops of distilled water, the number 
of drops per ml. of other liqxiids will be very approximately as follows: 
dilute aqueous solutions, 20-22 ; concentrated hydrochloric acid, 23-24 ; 
concentrated nitric acid, 36-37; concentrated sulphuric acid, 36-37; 
acetic acid, 63 ; and concentrated ammonia solution, 24-25. 

4. Reagent bottles and reagents. A semimicro reagent 
bottle may be easily constructed by inserting a reagent dropper 
through a cork or rubber stopper that fits a 30 or 60 ml. (1 or 
2 fluid ounce) bottle — as in Fig. II, 3, 4, a. One or two ounce 
dropping bottles (Fig. II, 3, 4, b) may be purchased* and are 



(«) ( 6 ) (o) (d) 


Fig. II, 3, 4 

inexpensive: the stoppers of these bottles are usually made of 
a hard rubber or plastic composition, and this as well as the 
rubber teat (or bifib) are attacked by concentrated inorganic 
acids. A dropping bottle of one ounce capacity with an inter- 
changeable glass cap (Fig. IJ, 3, 4, c) is also marketed.f The 
bottles a and b cannot be used for concentrated acids and other 
corrosive liquids because of their action upon the stoppers. 
The simplest containers for these corrosive liquids are 30 or 
60 ml. T.K. dropping bottles (Fig. II, 3, 4, d). 

Each student should be provided with a solid wooden stand 

* The manufacturers of one satisfactory grade of dropping bottle are 
Beatson, Clark & Co, Ltd., Botherham, Yorks; the commercial name is 
“Bakelite-capped, amber, round eye drops with bulb end pipettes.” This 
firm also supplies the “Stoppered white T.K. dropping bottles.” 
t Quickfit and Quartz Ltd., “ Quickfit ” Works, Stone, Staffs. 
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liousing a set of reagents in 30 ml. or, preferably, 60 ml. bottles. 
The following are used in the author’s laboratory. 

Beagent Bottles Fitted with Reagent Droppers 
(Fig. II, 3, 4, a or b) 

Sodium hydroxide 5iV Acetic acid, dil. 5N 

Ammonium sulphide QN Ammonia solution, cone. 15iV^ 

Potassium hydroxide 2N Ammonia solution, dil. 5N 

Barium chloride 0-5N Potassium ferrocyanide 0-5N 

Silver nitrate OAN Potassium chromate 0^5N 

Ferric chloride 0-51V' Ammonium carbonate 4iV 

T.K, Dropper Bottles 

Hydrochloric acid, cone. 12N Hydrochloric acid, dil. 

Sulphuric acid, cone. 36iV Sulphuric acid, dil. 5iV 

Nitric acid, cone. 16A Nitric acid, dil. 

Some may prefer to have the Ammonia solution, cone, in a 
T.K. bottle, and the dilute mineral acids in the reagent bottles 
fitted with reagent droppers. Others may like to have the 
Hydrochloric acid, dil. of strength. These are 

questions of personal preference, and the decision will rest 
with the teacher. 

The other reagents, which are used less frequently, are kept 
in 60 or 125 ml. dropping bottles (30 ml. for expensive or 
unstable reagents) on the reagent shelf (side shelf or side rack 
reagents) ; further details of these will be found in the Appendix 
(Section A, 2). Two sets of these bottles should be available 
in each laboratory. When using these side shelf reagents, 
great care should be taken that the droppers do not come into 
contact with the test solutions, thus contaminating the re- 
agents. If accidental contact should be made, the droppers 
must be thoroughly rinsed with distilled water and then ^ied. 
Under no chcumstances should the capiliary end of the dropper 
be dipped into any foreign solution. 

5. The centrifuge. The separation of a precipitate jhom 
a supernatant hquid is carried out with the aid of a centrifuge. 
This is an apparatus for the separation of two substances of 
different density by the application of centrifugal force: the 
latter may be several times that of gravity. In practice, the 
liquid containing the suspended precipitate is placed in a semi- 
micro centrifuge tube. The tube and its contents, and a 
similar tube containing an equal weight of water are placed in 
diagonally opposite buckets of the centrifuge, and the cover is 
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placed in position ; upon rotation for a short time, allowing the 
buckets to come to rest and removing the cover, it will be 
fonnd that the precipitate has separated at the bottom of the 
tube. This operation (centrifugation) replaces filtration in 
macro analysis. The supernatant liquid can be readily re- 
moved by means of a capillary dropper ; the clear liquid may 
be called the centrifugate or ‘‘centrate.” 

The advantages of centrifugation are: (i) speed, (ii) the 
precipitate is concentrated into a small volume so that small 
precipitates are observed readily and their relative magnitudes 
estimated, (iii) the washing of the precipitate can be carried 
out rapidly and efficiently, and (iv) concentrated acids, bases 
and other corrosive liquids can be manipulated easily. 

The theory of the centrifuge is given below. The rate of settling r, 
(cm./sec.) of spherical particles of density and of radius a (cm.) in a 
medium of viscosity rj (c.g.s. units) and of density is given by Stokes’ 
law: 

- dj 

‘ &t) 

where g is the acceleration due to gravity (981 cm./sec. 2). It is evident 
from the equation that the rate of settling is increased by: (a) an 



Fig. il, 3, 5 


increase in the size of the particles a; (6) an increase in difference 
between the density of the particles and that of the medium d^; 
(c) a decrease in the viscosity of the medium; and (d) an increase in 
the acceleration due to gravity g. Fine crystalline particles tend to 
increase in size when allowed to stand in the liquid in which they are 
precipitated, particularly when the solution is maintained at elevated 
temperatures and shaken occasionally. The coagulation of colloidal 
and gelatinous precipitates is also accelerated by high temperatures 
and stirring, and also by the addition of certain electrolytes. Moreover, 
an increase in temperature reduces the viscosity and also increases the 
difference (dp — d,„). This explains why centrifuge tubes or test-tubes 
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in wMch precipitates are formed are usually’ placed in a hot water 
bath and shaken from time to time before separation of the mother 
liquor. The effect of these factors is, however, comparatively small. 
To accelerate greatly the rate of settling, the force on the particle ^ 
(acceleration due to gravity) must be changed. This is readily and 
conveniently achieved with the aid of a centrifuge. 

The relative rates of settling in a centrifuge tube and in a stationary 
test-tube may be derived as follows. The centrifugal force upon a 
particle of effective mass m (grams) moving in a circle of diameter r (cm.) 
at n revolutions per second is given by: 


_ mu 2 m(27rm)2 

p ma = — ■ = 

c r r 


m,4arHn^f 


where a is the acceleration {cm.fseo,^), v is the velocity (cm./sec.), and 
7 r == 3*1416. The gravitational force on a particle of mass m is 
given by: 

= m,g 

Fg m.47r^m2 4mr^rn^ 

Fg ” m^ ~ g 

Expressing rotations per second n in rotations per minute N, and 
substituting for tt, we have: 


El 

K 


4m’^rN^ 

"" 981 X 602 


= M18 X 10“W2 


(2) 


Thus a centrifuge with a radius of 10 cm. and a speed of 2000 
revolutions per minute has a comparative centrifugal force of 
1*118 X 10“® X 10 X (2000)2 = 447, say, 450 times the force of 
gravity. A precipitate which settles in, say, 10 minutes by the force 
of gravity alone will settle in 10 x 60/450 or in 1*3 seconds in such a 
centrifuge. The great advantage of a centrifuge is thus manifest. 


Several types of centrifuge are available for semimicro 
analysis. These are: 

A, A small 2-tube hand centrifuge with protecting bowl and 
cover* (Fig. IT, 3, 6 and Fig. 11, 5, 23) ; if properly constructed 
it will give speeds up to 2-3000 r.p.m. with 3 ml. centrifuge 
tubes. The central spindle should be provided with a locking 
screw or nut : this is an additional safeguard against the possi- 
bility of the head carrying the buckets flying off — -an extremely 
rare occurrence. The hand-driven centrifuge is inexpensive 
and is satisfactory for elementary courses. 

B, An inexpensive constant speed, electrically-driven centri- 
fuge (see Figs. II, 3, 22 and II, 3, 2S) is marketed^ and has a 
working speed of 1450 r.p.m. It is supplied with a dual- 
purpose head. The buckets can either “swing out’’ to the 


* An excellent model is manufactured by Moseley Centrifuge and Engineer- 
ing Co. of 119 Copenhagen Street, London, H.l. 

t “Micro** centrifuge from Measuring and Seientific Equipment Ltd., 
Spenser Street, London, S.W.l, or from Intemational Equipment Company, 
12S4 Soldiers Field Road, Boston 35, Mass., U.S.A. 



Qmlitative Inorganic Analysis [II, 

horizontal position or, by means of a rubber adapter, the 
buckets can be held at a fixed angle of 45° (M.S.E.) or 51° 
(International); in the latter case, the instrument acts as an 
‘■angle’^ centrifuge. This is an alternative to the hand centri- 
fuge. 

0. A variable speed, electrically-driven centrifuge (see Fig. 
II, 5, 23) with speed indicator* is the ideal instrument for 
centrifugation, but is relatively expensive. It is recommended 



that at least one of these should be available in every laboratory 
for demonstration purposes. 

When using a hand-driven centrifuge, the following points 
should be borne in mind: 

(1) The two tubes should have approximately the same size 
and weight. 

(2) The tube should not be filled beyond 1 cm. from the top. 
Spilling may corrode the buckets and produce an unbalanced 
head. 

* “Minor” centrifuge from Measuring and Scientific Equipment Ltd., 
London: “Clinical model” centrifuge from International Equipment Com- 
pany, Boston. Controlled speeds to a maximum of about 4000 r.p.m. 
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(3) Before centrifaging a precipitate contained in a centrifuge 
tube, prepare a balancing tube by adding sufficient distilled 
water from a dropper to an empty tube of the same capacity 
until the liquid levels in both tubes are approximately the same. 

(4) Insert the tubes in diametrically opposite positions in the 
centrifuge ; the head (sometimes known as a rotor) will then be 
balanced and vibration will be reduced to a minimum. Fix 
the cover in place. 

(5) Start the centrifuge slowly and smoothly, and bring it to 
the maximum speed with a few turns of the handle. Maintain 
the maximum speed for 30-45 seconds, and then allow the centri- 
fuge to come to rest of its own accord by releasing the handle. 
Do not attempt to retard the speed of the centrifuge with the 
hand. A little practice will enable one to judge the exact time 
required to pack the precipitate tightly at the bottom of the 
tube. It is of the utmost importance to avoid strains or 
vibrations as these may result in stirring up the mixture and 
may damage the apparatus. 

(6) Before commencing a centrifugation, see whether any 
particles are floating on the surface of the liquid or adhering to 
the side of the tube. Surface tension effects prevent surface 
particles from settling readily. Agitate the surface with a 
stirring rod if necessary, and wash down the side of the centri- 
fuge tube using a capillary dropper and a small volume of 
water or appropriate solution. 

(7) Never use centrifuge tubes with broken or cracked lips. 

The instructions for use of constant speed, electrically-driven 

centrifuges are similar to those given above with the addition 
of the followmg: 

(8) Never leave the centrifuge while it is in motion. If a 
suspicious sound is heard, or you observe that the instrument 
is vibrating or becomes unduly hot, turn off the current at 
once and report the matter to the teacher. An unusual sound 
may be due to the breaking of a tube; vibration suggests an 
unbalanced condition. 

(9) If a variable speed, electrically-driven centrifuge is 
employed, switch the current on with the resistance fully in 
circuit : gradually move the resistance over until the necessary 
speed is attained. (For most work, it is neither necessary nor 
desirable to utilise the full speed of the centrifuge.) After 
30-45 seconds^ move the slider (rheostat arm) back to the 
original position: make certain that the current is switched off. 
Allow 30 seconds for the centrifuge to come to rest, then raise 
the lid and remove the tubes. 
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Most Bemimicro centrifuges will accommodate both semi- 
micro test-tubes (75 x 10 mm.) and centrifuge tubes (up to 
5 ml. capacity). The adyantages of the latter include (a) easier 
removal of the mother liquor with a dropper, 
and (6) with small quantities of solids, the 
precipitate is more clearly visible (and the 
relative quantity is therefore more easily 
estimated) in a centrifuge tube (Fig. IJ, 3, 7). 

To remove the supernatant liquid, a 
capillary dropper is generally used. The 
centrifuge tube is held at an angle in the 
left hand, the rubber teat or nipple of the 
capillary dropper, held in the right hand, is 
compressed to expel the air and the capillary 
end is lowered into the tube until it is just 
below the liquid (Fig. II, 3, 8). As the 
pressure is very slowly released the liquid 
rises in the dropper and the latter is lowered further into the 
liquid until all the liquid is removed. Great care should be 
taken as the capillary approaches the bottom of the centrifuge 
tube that the tip does not touch the precipitate. The solution 
in the dropper should be perfectly clear: it can be transferred to 



Fig. 11 , 8 


another vessel by merely compressing the rubber bulb. In diffi- 
cult cases, a little cotton wool may be inserted in the tip of the 
dropper and allowed to protrude about 2 mm. below the glass 
tip; any excess of cotton wool should be cut off with scissors. 

d. Washing of precipitates. It is essential to wash all 
precipitates in order to remove the small amount of solution 



Fig. 11 , 3 , 7 
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present in the precipitate, otherwise it will he contaminated 
with the ions present in the centrifugate. It is best to wash 
the precipitate at least twice, and to combine the first washing 
with the centrifugate. The wash liquid is a solvent which does 
not dissolve the precipitate but dilutes the quantity of mother 
liquor adhering to it. The wash liquid is usually water, but 
may be water containing a small amount of the precipitant 
(common ion effect) or a dilute solution of an electrolyte (such 
as an ammonium salt) since water sometimes tends to produce 
colloidal solutions, i.e, to peptise the precipitate. 

To wash a precipitate in a centrifuge tube, 5-10 drops of 
water or other reagent are added and the mixture thoroughly 
stirred (stirring rod or platinum wire); the centrifuge tube is 
then counterbalanced against another similar tube containing 
water to the same level and centrifuged. The supernatant 
liquid is removed by a capillary dropper, and the washing is 
repeated at least once. 


7. Wash bottles. For most work in semimicro analysis a 
30 or 60 ml. glass-stoppered bottle is a suitable container for 



(ff) W {o) 

Fig.//, 3, 9 


distilled water; the latter is handled with a reagent dropper. 
Alternatively, a bottle carrying its own dropper (Fig. II, 3, 4, a 
or b) may be used. A small conical flask (25 or 50 ml.) may 
be used for hot water. For those who prefer wash bottles, 
various types are available (Fig. //, 3, 9) : a is a 100 or 250 ml. 
flat-bottomed flask with a jet of 0*5-1 mm. diameter, and is 
mouth-operated; 6 is a hand-operated wash bottle (flask, 125 
ml.; rubber bulb^ 50 ml.); and c is a Pyrex 50 ml. graduated 
wash bottle. 
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S. Transferring of precipitates. In some cases precipi- 
tates can be transferred from semimicro test-tubes with a small 
spatula (two convenient types in nickel or monel metal* are 
shown in Fig. IJ, 5, 10). This operation is usually difficult, 
particularly for centrifuge tubes. Indeed, 
in semimicro analysis it is rarely neces- 
sary to transfer actual precipitates from 
one vessel to another. If, for some 
reason, transfer of the precipitate is 
essential, a wash liquid or the reagent 
itself is added, the mixture vigorously 
stirred and the resulting suspension 
transferred to a reagent dropper, and 
the contents of the latter ejected into 
the other vessel; if required, the liquid 
is removed by centrifugation. 

If the precipitate in a test-tube is to 
be treated with a reagent in an evapora- 
ting dish or crucible, the reagent is added 
first, the precipitate brought into suspen- 
sion by agitation with a stirring rod, and 
the suspension is then poured into the 
open dish or crucible. The test-tube 
may be washed by holding it in an 
almost vertical (upside down) position 
with its mouth over the receptacle and 
directing a fine stream of solution or water from a capillary 
dropper on to the sides of the test-tube. 

9, Heating of solutions. Solutions in semimicro centri- 
fuge tubes cannot be heated over a free flame owing to the 
serious danger of ''bumping’’ (and consequent loss of part or 
all of the liquid) in such narrow tubes. The "bumping ” or 
spattering of hot solutions may often be dangerous and lead to 
serious burns if the solution contains strong acids or bases. 
Similar remarks apply to semimicro test-tubes. However, by 
heatiug the side of the test-tube (8 ml.) and not the bottom 
alone with a micro burner, as indicated in Fig. /I, 5, 11, and 
withdrawing from the flame periodically and shaking gently, 
"bumping” does not usually occur. The latter heating 
operation requires very careful manipulation and should not 
be attempted by elementary students. The mouth of the 
test-tube must be pointed away from the students nearby. 

* Type h, with slightly modified dimensions, is obtainable from Wilkens 
Anderson Co., 4525 W. Division Street, Chicago 51, Illinois, TJ.S.A. 
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The danger of ‘‘bumping” may be considerably reduced by 
employing the anti-bumping device shown in Fig. II; 2y 5; 
the tube should be about 1 cm, longer than the test-tube to 
facilitate removal. 

On the whole it is better to resort to safer methods of heating. 
The simplest procedure is to employ a small water bath. This 
may consist of a 250 ml. Pyrex beaker, three-quarters filled 
with water and covered with a lead or galvanised iron plate 
(Fig. II, 3, 12) drilled with two holes to accommodate a test- 
tube and a centrifuge tube. It is a good plan to wind a thin 




rubber band about 5 mm. from the top of the tube; this will 
facilitate the removal of the hot tube from the water bath 
without burning the fingers and, furthermore, the rubber band 
can be used for attaching small pieces of folded paper con- 
taining notes of contents, etc. 

A more elaborate arrangement which will, however, meet 
the requirements of several students, is Barber^s water bath 
rack (Fig. /J, 3, 13). The dimensions of a rack of suitable 
size are given in Fig. JJ, 3, 14. This rack will accommodate 
four centrifuge tubes and four semimicro test-tubes. The 
apparatus is constructed of monel metal, stainless steel, a 
plastic material which is unaffected by water at 100°, or of 
brass which is subsequently tiimed. The brass may be tinned 
by boiling with 20 per cent sodium hydroxide solution con- 
taining a few lumps of metallic tin. 

10. Evaporations. Where rapid concentration of a liquid 
is required or where volatile gases must be expelled rapidly, 
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the semimicro boiling tube (c in Fig. II, 3, 1) may be employed. 
Two nseM bolder constructed of a light metal alloy, are 



shown in Fig. II, 3, 15; 6 is to be preferred as the boiling tube 
caimot fall out by mere pressure on the holder at the point 



where it is usually held;* Slow evaporation may be achieved 
by heating in a test-tube, crucible or beaker on a water bath, 

* A small wooden clothes-peg (spring type) may also be nsed for holding 
semimicro test-tubes. 
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If evaporation to dryness is required, a small casserole [ca. 
6 ml.) or crucible (3-8 ml.) may be employed. This may be 
placed in an air bath consisting of a 30 ml. nickel crucible and 
supported thereon by an asbestos or uralite ring (Fig. //, 
3, 16, a), and heated with a semimicro burner. Alternatively, 
a small Pyrex beaker (say, of 50 or 100 ml. capacity) may be 
used with a silica or nichrome triangle to support the crucible 
or casserole (Fig. II, 3, 16, b): this device may also be applied 
for evaporations in semimicro beakers. 

Evaporation to dryness may also be accomplished by direct 




Fig. II, 3, 16 

intermittent heating with a micro burner of a crucible (sup- 
ported on a nichrome or silica triangle) or of a semimicro 
beaker (supported on a -wire gauze). A little practice is 
required in order to achieve regular boiling by intermittent 
heating with a flame and also to avoid ‘'bumping’’ and spat- 
tering: too hot a flame should not be used. In many cases 
the flame may be removed whilst a little liquid remains: the 
heat capacity of the vessel usually suffices to complete the 
evaporation without further heating. If corrosive fumes are 
evolved, the operation should be conducted in the fume cup- 
board. 

11, Dissolving of precipitates. The reagent is added 
and the suspension is warmed, if necessary, on the water bath 
until the precipitate has dissolved. If only partial solution 
occurs, the suspension may be centrifuged. 

12. Precipitations with hydrogen sulphide. Various 
automatic generators of the Kipp type are marketed, and may 
be employed for groups of students. Owing to the highly 
poisonous and very obnoxious character of hydrogen sulphide, 
these generators are always kept in a fume cupboard (draught 
chamber or hood). A wash bottle containing water should 
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always be attached to the generator in order to remove acid 
spray (compare Mg. II, 2, 1, a). The tube dipping into the 
liquid in the wash bottle should preferably be a heavy- walled 
capillary: this will give a better control of the gas flow and will 
also help to prolong the life of the charge in the HgS generator. 

Precipitation may be carried out in a centrifuge tube, but a 
semimicro test-tube or 10 ml. conical flask is generally pre- 
ferred; for a large volume of solution, a 25 ml. Erlenmeyer 
flask may be necessary. The delivery tube is drawn out to a 
thick-walled capillary (1-2 mm. in diameter) and carries at the 
upper end a small rubber stopper which fits the semimicro test- 
tube (Fig. II, 3, 17) or conical flask. The perfectly clean 
delivery tube is connected to the source of hydrogen sulphide 
as in Fig. II, 2, 1 and a slow stream of gas is passed through 
the liquid for about 30 seconds in order to 
expel the air, the cork is pushed into position, 
and the passage of hydrogen sulphide is con- 
tinued until very few bubbles pass through the 
liquid; the vessel is shaken gently from time to 
time. The tap in the gas generator is then 
turned off; the delivery tube is disconnected 
and immediately rinsed with distilled water. 
If the liquid must be warmed, the stopper is 
loosened, the vessel placed in the water bath 
for a few minutes, and the gas introduced 
again. 

Fig. II, 3, 17 If an individual generator is desired, a 
Pyrex test-tube (150 X 20 mm.) charged with 
‘‘Aitch-tu-ess*' or an equivalent mixture (essentially an in- 
timate mixture of a solid paraffin hydrocarbon, sulphur and 
asbestos) is utilised: this yields hydrogen sulphide when 
heated by a micro burner and the evolution of gas ceases 
(but not usually abruptly) when the source of heat is re- 
moved. The test-tube type of generator is depicted in Fig. 
II, 3, 18, a. The small hole (vent) is covered with the finger 
during the passage of the gas. Since the hydrogen sulphide 
evolution does not cease abruptly with the removal of the 
flame, an absorption bottle (Fig. //, 3, 18, b) is generally 
employed to absorb the unused gas. It consists of a 60 ml. 
bottle containing 10 per cent sodium hydroxide solution: the 
lower end of the longer 6 mm. tube is just above the surface 

* For a 3 ml. centrifuge tube or a 4 ml. test-tube, the top part of the rubber 
teat (bulb) from a dropper makes a satisfactory stopper; a small hole is made 
in the rubber bulb and the delivery tube is carefully pushed through it. 
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of the solution. When saturation of the solution with the 
gas is completed, the capillary pipette and cotton wool bulb 
are removed and the absorption bottle is attached. The 



Fig. II, 3, 18 


method is not strongly recommended because ‘‘pressure*’ 
precipitation (compare Section II, 2, 7) is difficult and, if 
attempted, introduces an element of danger. 

13, Identification of gases. Many anions {e,g. carbonate, 
sulphide, sulphite, thiosulphate and hypochlorite) are usually 
identified by the volatile decomposition products obtained 



Fig. II, 5, 19 


with the appropriate reagents. Suitable apparatus for this 
purpose are shown in Fig. JJ, 3, 19. The simplest form a 
consists of a semimicro test-tube with the accompanying “filter 
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tube : a strip of test paper (or of filter paper moistened with 
the necessary reagent) about 3-4 mm. wide is suspended in the 
"^filter tube.” In those cases where spray is likely to affect the 
test paper, loose plug of cotton wool should be placed at 
the narrow end of the '‘filter tube.” Apparatus b is employed 
when the test reagent is a liquid. A short length of wide-bore 
rubber tubing is fitted over the mouth of a semimicro test-tube 



Fig. JJ, 3, 20 

with about 1 cm. protruding over the upper edge. The chemical 
reaction is started in the test-tube and a "filter tube” con- 
taining a tightly-packed plug of cotton wool is inserted through 
the rubber collar, the filter plug again packed down with a 
4 mm. glass rod, and 0*5-1 ml. of the reagent introduced. An 

* Test-tubes (75 x 10 mm. and 100 X 12 mm.) together with the matching 
filter tubes ” (55 x 7 mm, and 80 x 9 mm.) are standard Pyrex products; 
they are inexpensive and therefore eminently suitable for elementary and 
other students. The smaller size is satisfactory for most purposes. 
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alternative apparatus for liquid reagents is shown in c: it is a 
type of absorption pipette and is attached to the 4 ml. test- 
tube by a rubber stopper or a tightly-fitting paraffined cork. 
A drop or two of the liquid reagent is introduced into the 
absorption tube. The double bulb ensures that all the evolved 
gas reacts, and it also prevents the test reagent from 
being sucked back into the reaction mixture. All the above 
apparatus, a-c, may be warmed by placing in the hot water 
rack {e,g. Fig. II, S, 13). They will meet all normal require- 
ments for testing gases evolved in reactions in qualitative 
analysis. 

When the amounts of evolved gas are likely to be small, the 
apparatus of Fig. II, 3, 20 may be used : all the evolved gas 
may be swept through the reagent by a 
stream of air introduced by a rubber 
bulb of 3-4 fluid ounces capacity.* 

The approximate dimensions of the 
essential part of the apparatus are given 
in a, whilst the complete assembly is 
depicted in 6. The sample under test is 
placed in B, the test reagent is intro- 
duced into the filter tube” A over a 
tightly-packed plug of cotton wool (or 
other medium), and the acid or other 
liquid reagent is added through the 
filter tube” C. The rubber bulb is in- 
serted into C, and by depressing it gently 
air is forced through the apparatus, thus 
sweeping out the gases through the test 
reagent in A. The apparatus may be 
warmed by placing it in a hot water 
bath. 

24. Cleaning of apparatus. It is 
essential to keep all apparatus scrupu- 
lously clean if trustworthy results are to Fig.*2J, 5, 21 
be obtained. All apparatus must be 
thoroughly cleaned with cleaning mixture (a solution of 
sodium dichromate in concentrated sulphuric acid, say 70 g. 
Na 2 Cr 207 , 2 B [20 per litre) or with a brush and cleaning powder. 
The apparatus is then rinsed several times with tap water, and 
repeatedly with distilled water. Special brushes (Fig. II, 3, 21) 
are available for semimicro test-tubes and centrifuge tubes; the 

* The bulb of a commercial rectum or ear syringe is satisfactory. 
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commercial ‘'pipe cleaners” are also satisfactory. Tlie tubes 
may be allowed to drain in a special stand or else they may be 
inverted in a small beaker on the bottom of which there are 
several folds of filter paper or a filter paper pad to absorb the 
water. Larger apparatus may be allowed to drain on a clean 
linen towel or glass cloth. Droppers are best cleaned by first re- 
moving the rubber bulbs or teats and allowing distilled water to 
run through the tubes ; the teats are cleaned by repeatedly filling 
them with distilled water and emptying them. When clean, 
they are allowed to dry on a linen glass cloth. At the end of 
the laboratory period, the clean apparatus is placed in a box 
with cover, so that they may remain clean until required. 

15. Spot plates. Drop reaction paper. These are 
employed chiefly for confirmatory tests (see Section 11, 6 for 
a full discussion). Spot plates with a number of circular 
cavities are marketed, either black or white. The former are 
employed for white or light-coloured precipitates, and the 
latter for dark-coloured precipitates. Transparent spot plates 
{e,g. Jena) and combination black and white spot plates (with 
line of demarcation between the black and white running 
exactly through the centres of the depressions) are also avail- 
able commercially. Spot plates are useful for mixing small 
quantities of reagents, and also for testing the of a solution 
colorimetrically. 

Drop reaction or spot test paper {e.g. Whatman, No. 120) is 
a soft variety of pure, highly porous paper which is used for 
reactions that result in highly coloured precipitates. The pre- 
cipitate does not spread very far into the paper because of the 
filtering action of the pores of the paper; consequently the spot 
test technique is employed in highly sensitive identification 
tests, the white paper serving as an excellent background for 
dark or highly coloured precipitates, and incidentally provid- 
ing a permanent record of the test. 

Semi-quantitative results may be obtained by the use of the 
Yagoda "confined-spot-test” papers (Schleicher and Sohuell, 
U.S.A., Nos. 21 lY and 597 Y): these are prepared with a 
chemically inert, water-repelling barrier which constricts the 
spot reaction to a uniform area of fixed dimensions. 

26. Calculation of the volume of precipitating reagents. 
This type of calculation is mstructive, for ^ ft will assist the 
student to appreciate fully the significance of the quantities of 
reagent employed in semimicro analysis. Let us assume that 
a sample contains 1 mg. of silver ions and 2 mg. of mercurous 
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ions, and that the precipitating agent is hydxoohloric acid. 
To calcnlate the volume of the precipitating agent required, 
the number of equivalents of the ion or ions to be precipitated 
and the number of equivalents per ml. of the precipitating 
agent must be ascertained. In the present sample there will 
be (1 X 10“*^)/107*9 = 9*3 X 10~^ equivalents of silver ion and 
(2 X 10"^)/200-6 = 1 X 10""^ equivalents of mercurous ion, Le: 
the total concentration of cation is 1*93 X equivalents. 
Now 1 ml. of 6N hydrochloric acid contains 5 x 10"”^ equi- 
valents of chloride ion, so that the volume of acid required 
will be (1*93 X 10~®)/(6 X 10“3) = 0*0039 ml. The capillary 
dropper delivers a drop of about 0*03 ml (30-40 drops per ml), 
hence 1 drop of hydrochloric acid contains sufficient chloride 
ions to precipitate the silver and mercurous ions and also to 
provide a large excess to reduce the solubility of the sparingly 
soluble chlorides (common ion effect). 

In practice, the weights of the ions in a solution of the sample 
are usually not known, so that exact calculations cannot be 
made. However, if the weight of sample employed is known, 
the maximum amount of precipitating agent required can be 
easily calculated. This is one of the reasons for taking a 
known weight (weighed to the nearest milligram) of the sample 
for analysis. Let us consider an actual example. We may 
assume that 50 mg. of the solid sample or, for solutions, such 
a volume as will yield 50 mg. of solid upon evaporation to 
dryness, is taken for analysis and that the maximum quantity 
of all the metal ions present in the sample is 35 mg. It is 
evident that the smaller the equivalent of a given ion, the 
greater will be the number of equivalents contained in a given 
weight of it and hence the larger the volume of hydrochloric 
acid required for precipitation. In Group I, lead has the lowest 
equivalent (103*5). The number of equivalents for 35 mg. of 
lead is 35/(103*5 X 1000) == 3*38 X 10-^ equivalents or 0*338 
milli-equivalents. Now 1 ml. of 51^ hydrochloric acid contains 
5 X 10“"^ equivalents or 5 milli-equivalents. Hence the exact 
volume of this acid required for complete precipitation is 
0*338/5 = 0*0676 ml. = 2 drops, and the addition of 3-4 drops 
win suffice for complete precipitation (common ion effect) and 
also to prevent the precipitation of bismuth and antimony 
oxychlorides. 

17. Some practical hints (compare Section II, 2, 14)z 

(1) Upon commencing work, arrange the more common and 
frequently used apparatus in an orderly manner on your bench. 
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Each item of apparatus should have a definite place so that it 
can be found readily when required. All apparatus should 
have been cleaned during the previous laboratory period. 

(2) Weigh the sample for analysis (if a solid) to the nearest 
milligram : 50 mg. is a suitable quantity. 

(3) Read the laboratory directions carefully and be certain 

that you understand the purpose of each operation— addition 
of reagents, etc. Examine the label on the bottle 6e/of6 adding 
the reagent. Serious errors leading to a considerable loss of 
time and, possibly, personal injury may result from the use of 
the wrong reagent. Return each reagent bottle to its proper 
place after use. 

(4) When transferring a liquid reagent with a reagent drop- 
per, always hold the dropper Just above the mouth of the 
vessel and allow the reagent to ‘'drop” into the vessel. Do 
not allow the dropper tip to touch anything outside the reagent 
bottle ; the possible introduction of impurities is thus avoided. 
Similar remarks apply to the use of T.K. dropper bottles. 

(5) Never dip your own dropper into a reagent. Pour a 
little of the reagent {e,g. a corrosive liquid) into a small clean 
vessel (test-tube, crucible, beaker, etc.) and introduce your 
dropper into this. Never return the reagent to the bottle ; it 
is better to waste a little of the reagent than to take the risk 
of contaminating the whole supply. 

(6) Do not introduce your spatula into a reagent bottle to 
remove a little solid. Pour or shake a little of the solid on to 
a clean, dry watch glass, and use this. Do not return the solid 
reagent to the stock bottle. Try and estimate your require- 
ments and pour out only the amount necessary. 

(7) All operations resulting in the production of fumes (acid 
vapours, volatile ammonium salts, etc.) or of poisonous or dis- 
agreeable gases (hydrogen sulphide, chlorine, sulphur dioxide, 
etc.) must be performed in the fume chamber. 

(8) Record your observations briefly in your note-book in 
ink immediately after each operation has been completed. 

(9) Keep your dronpers scrupulously clean. Never place 
them on the bench. Rinse the droppers several times with 
distilled water after use. At the end of each laboratory 
period, remove the rubber teat or cap and rinse it thoroughly. 

(10) During the course of the work place dirty centrifuge 
tubes, test-tubes, etc., in a definite place, preferably in a 
beaker, and wash them at convenient intervals. This task can 
often be done while waiting for a solution to evaporate or for a 
precipitate to dissolve while being heated on a water bath. 
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(11) Adequately label all solutions and precipitates 
must be carried over to the next laboratory period. 

(12) When in difficulty, or if you suspect any apparatus {e.g, 
the centrifuge) is not functioning efficiently, consult the 
teacher. 

IS. Semimicro apparatus. The plates (Mgs. 11, 5, 22 
and 11, 3, 23) show all the general apparatus required for 
semimicro analysis. Other apparatus of specialised character 
will be described in the text. 

The apparatus suggested for each student is listed below (see 
plate, Fig. 11, 3, 22). (The liquid reagents recommended for 
each student are given in Section II, 3, 1.) 

1 beaker, Pyrex, Griffin form, 250 ml. 

1 hot water rack constructed of tinned copper (Fig. 11, 3, 13-14) or 

1 lead cover (Fig. 11, 3, 12) for water bath. 

1 beaker, Pyrex, 5 ml. 

1 beaker, Pyrex, 10 ml. 

1 conical flask, Pyrex, 100 ml., and one 50 ml. rubber bulb (for 

wash bottle. Fig. 11, 3, 9, 6). 

2 conical flasks, Pyrex, 10 ml. 

1 conical flask, Pyrex, 25 ml. 

6 test-tubes, Pyrex, 75 X 10 mm.,* 4 ml., with rim. 

2 test-tubes, Pyrex, 75 x 10 mm.,* 4 ml., without rim. 

2 ‘‘filter tubes,’' P^ex, 55 x 7 mm.* (Fig. 11, 3, 19, a), 

1 gas absorption pipette (with 75 X 10 mm. test-tube and rubber 

stopper, Fig. 11, 3, 19, c). 

4 centrifuge tubes, Pyrex, 3 ml. (Fig. 11, 3, 1, 1). 

2 semimicro boiling tubes, Pyrex, 60 X 25 mm., 20 ml. 

1 wooden stand (to house test-tubes, “filter tubes,” gas absorption 

pipette, conical flasks, etc.). 

2 medicine droppers, complete with rubber teats (bulbs). 

2 reagent droppers (Fig. 11, 3, 3, a). 

2 capillary droppers (Fig. 11, 3, 3, 6). 

1 stand for droppers. 

2 anti-bump tubes (Fig. 11, 2, 5). 

1 crucible, porcelain. Royal Worcester, 3 mi. (23 X 15 mm.). 

1 crucible, porcelain, Royal Worcester, 6 ml. (28 X 20 mm.). 

1 crucible, porcelain, Royal Worcester, 8 ml. (32 x 19 mm.). 

3 rubber stoppers (one f X f inch, two J X f inch, to fit 25 ml. 

conical flask, test-tube and gas absorption pipette). 

30 cm. glass tubing, 4 mm. outside diameter (for H 2 S apparatus). 

Semimicro test-tubes (Pyrex, 100 x 12*5 nun., 8 ml.) and the appropriate 
“filter tubes” (Pyrex, 80 X 9 mm.) are marketed, and these may find appli- 
cation in analysis. The smaller 4 ml. test-tubes will generally suffice: their 
great advantage is that they can be used directly in a semimicro centrifuge 
in the buckets provided for the 3 ml. centrifuge tubes. 
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10 cm. rubber tubing, 3 mm. (for H 2 S apparatus). 

5 cm. rubber tubing, 5 mm. (for "-filter tubes”). 

30 cm. glass rod, 3 mm. (for stirring rods, Fig. II, 3, 2). 

1 measuring cylinder, 5 ml. 

1 watcb glass, 1 1 inch diameter. 

2 cobalt glasses, X IJ inches. 

2 microscope slides. 

1 platinum wire (5 cm. of 0*3 mm. diameter). 

1 forceps, 4 inches. 

1 semimicro spatula (Fig. II, 3, 10, a or b), 

1 semimicro test-tube holder (Fig. II, 3, 15). 

1 semimicro test-tube brush (Fig. II, 3, 21). 

1 pipe cleaner. 

1 spot plate (6 cavities). 

1 wide-mouthed bottle, 1 ounce, filled with cotton wool. 

1 wide-mouthed bottle, 1 ounce, filled with strips (2x2 cm.) of 
drop reaction paper. 

1 dropping bottle, labeUed DISTILLED WATER. 

1 packet blue Mtmus paper. 

1 packet red htmus paper. 

1 triangular file (small). 

1 tripod and wire gauze (for water bath). 

1 retort stand and one iron ring (3 inches). 

1 wire gauze (for ring). 

1 triangle, silica. 

1 triangle, nichrome. 

1 burner, Bunsen or Tirrill. 

1 semimicro burner. 


TECHNIQUE OF MICRO ANALYSIS 

II, 4. General Discussion.— In micro analysis the scale of opera- 
tions as compared with macro analysis is reduced by a factor of O'OI. 
Thus whereas in macro analysis the weights and volumes for analysis 
are 0*5-1 g. and about 10 nfi., and in semimicro analysis 50 mg. and 
1 ml. respectively, in micro analysis the corresponding quantities 
are about 5 mg. and 0*1 ml. Micro analysis is sometimes termed 
milligram analysis to indicate the order of weight of the sample 
employed. It must be pointed out that whilst the weight of the 
sample for analysis has been reduced, the ratio of weight to volume 
has been retained and in consequence the concentration of the 
individual ions, etc., are maintained. A special technique must be 
used for handling such small quantities of materials. There is no 
sharp fine of demarcation between semimicro and micro analysis 
and much of the technique described for the former can, with 
suitable modifications to allow for the reduction in scale by about 
one-tenth, be utilised for the latter. Some of the modifications, 
involving comparatively simple apparatus, will be described. No 
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attempt will be made to deal with operations centered round the 
microscope (magnification up to 250) as the specialised technique is 
outside the scope of this volume.* 

The small amounts of material obtained after the usual systematic 
separations can be detected, in many cases, by what is commonly 
called Spot analysis, ^.e. analysis wMch utilises spots of solutions 
(about 0*05 ml. or smaller) or a fraction of milligram of solids. Spot 
analysis has been developed as a result of the researches of numerous 
chemists: the names of Tananaeff, Krumholz, Wenger, van Mewen- 
burg, Gutzeit and, particularly, Feigl and their collaborators must 
be mentioned in this connexion. In general, spot reactions are 
preferable to tests which depend upon the formation and recognition 
of crystals under the microscope, in that they are easier and quicker 
to carry out, less susceptible to slight variations of experimental 
conditions, and can be interpreted more readily. Incomplete 
schemes of qualitative inorganic analysis have been proposed which 
are based largely upon spot tests: these cannot, however, be 
regarded as entirely satisfactory for very few spot tests are specific 
for particular ions and also the adoption of such schemes will not, 
in the long run, help in the development of micro qualitative 
analysis. Furthermore, such schemes, when considered from the 
point of view of training of students in the theory and practice of 
analysis, are pedagogically unsound. It seems to the writer that 
the greatest potential progress lies in the use of the common macro 
procedures (or simple modifications of them) to effect the pre- 
liminary separations for which the specialised micro technique is 
adopted, followed by the utilisation of spot tests after the group or 
other separation has been effected. Hence the following pages will 
contain an account of the methods which can be used for per- 
forming macro operations on a micro scale and also to a discussion 
of the technique of spot analysis. 

II, 5. Micro Apparatus and Micro Analytical Operations.— 
It is assumed that the reader is familiar with the account of semi- 
micro technique given m Section II, 3. 

Micro centrifuge tubes (Fig. //, 5, 1) of 0*5-2 fml. capacityf 
replace test-tubes, beakers and flasks for most operations. Two 
types of centrifuge tubes are shown: h is particularly useful when 

* For a detailed account, see E. M, Chamot and C. W. Mason, Handbook 
of Chemical Microscopy, Volume I (1938) and Volume II (1940) (J. Wiley ; 
Chapman and Hall); also A. A. Benedetti-Pichler, Introdmtion to the Micro- 
technique of Inorganic Analysis (1942) (JT. Wiley; Chapman and Hall). 

f The dunensions given ensure that the centrifuge tubes fit into the buckets 
of a semimicro centrijEuge. The dimensions for other capacities are: Type a: 
0*5 ml., 60 X 6*3 mm. (ext.); 2 ml., 68 X Xl*25 mm. (ext.); 3 ml., 76 x 11-25 
mm. (ext.). Type h: 0*5 ml., 63 mm., 8*5 mm. (ext.), 2-5 mm. (int.). 

All the dimensions have been extracted from B.S. 1428, 1963, Micro- 
chemical Apparatus, Part E3, Micro-centrifuge Accessories, and are repro- 
duced by kind permission of British Standards Institution, 24 Victoria Street, 
London, S.W.l. 
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very small amoimts of precipitate are being bandied. Centrifuge 
tubes are conveniently supported in a rack consisting of a wooden 
block provided with 6 to 12 holes, evenly spaced, of f inch diameter 
and J inch deep. 

Solutions are separated from precipitates by centrifuging. Semi- 
micro centrifuges (Section II, 3, ^), either hand-operated or 
^ electrically - driven, can be used. 

I 5 Adapters are provided inside the 

Q buckets (baskets) in order to accom- 

^ n r modate micro centrifuge tubes with 

- 1 T narrow open ends. 

Precipitations are usually carried 
out in micro centrifuge tubes. After 
I centrifuging, the precipitate collects 

Z ^\) bottom of the tube. The 

^ J L supernatant hquid may be removed 

1 r ^ • either by a capillary dropper (Pig. 11, 

\ I d, 3) or 'by means of a transfer 

\ capillary pipette. The latter con- 

' ^ ^ sists of a thin glass tube (internal 

imL 1ml. diameter about 2 mm.: this can be 

prepared from wider tubing) 20 to 
25 cm. in length with one end drawn 
Fig. II, 5, 1 out in a micro flame to a tip with a 

fine opening. The correct method of 
transferring the hquid to the capillary pipette will be evident from 
Fig, II, 5, 2. The centrifuge cone is held in the right hand and 
the capillary pipette is pushed slowly towards the precipitate so 
that the point of the capillary remains just below the surface of 
the liquid. As the liquid rises in the pipette, the latter is gradually 
lowered, always keeping the tip just below the surface of the liquid 



Fig. 2 


until the entire solution is in the pipette and the tip is about 1 mm. 
above the precipitate. The pipette is removed and the liquid blown 
or drained out into a clean dry centrifuge tube. 

Another useful method for transferring the centrifugate to, say, 
another centrifuge tube wiU he evident upon reference to Fig. II, 5, 3. 
The siphon is made of thermometer capillary and is attached to 
the capillary pipette by means of a short length of rubber tubing 
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of 1 mm. bore. The small bole A in the side tube permits of perfect 
control of the vacuum; the side arm of the small test-tube is situated 
near the bottom so as to reduce spattering of the liquid in tbe centri- 
fuge tube inside tbe test-tube when tbe vacuum is released. Only 



Fig. II, 5y 3 


gentle suction is appbed and tbe opejoing A is 
closed with tbe finger; upon removing tbe finger, 
the action of the capillary siphon ceases immedi- 
ately. 

For tbe washing of precipitates the wash 
solution is added directly to tbe precipitate in tbe 
centrifuge tube and stirred thoroughly either by 
a platinum wire or by means of a micro stirrer, 
such as is shown in Fig. II, 5, 4 ; the latter can 
readily be made from tMn glass rod. The mixture 
is then centrifuged, and the clear solution removed 
by a transfer capillary pipette as already des- 
cribed. It may be necessary to repeat this 
operation two or three times to ensure complete 
washing. 

The transfer of precipitates is comparatively 
rare in micro quabtative analysis. Most of tbe 
operations are usually so designed that it is only 
necessary to transfer solutions. However, if 
transfer of a precipitate should be essential and 
the precipitate is crystalline, the latter may be 
sucked up by a dry dropper pipette and trans- 
ferred to the fl.T^nrnriiria.f^ TraaaiaT 
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is gelatinous, it may be transferred with the aid of a narrow glass, 
nickel, monel metal or platinum spatula. The centrifuge tube must be 
of type a (Fig. IJ, 5, 1) if most of the precipitate is to be removed. 
The heating of solutions in centrifuge tubes is best carried out 
by supporting them in a suitable stand (compare Figs. II, 3, 12-13) 
and heating on a water bath. When higher temperatures are 


— h-iy/rg triangle 

-Micro^beaker 
or crucible 

■Nickel crucible 

Fig. II, 5, 6 




required, as for evaporation, the liquid is transferred to a micro 
beaker or micro crucible; this is supported by means of a nichrome 
wire triangle as indicated in Fig, II, 5, 5, Micro beakers may be 
heated by means of the device shown in Fig. II, 5, 6, which is 
laid on a water bath. 



Another valuable method for concentrating solutions or evapo- 
rating to dryness directly in a centrifuge tube consists in conducting 
the operation on a water bath in a stream of filtered air supplied 
through a capillary tube fixed just above the surface of the liquid. 
The experimental details will be evident by reference to Fig. II, 5, 7. 
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Micro centriflige tubes are cleaned with a feather, ‘‘ pipe cleaner ’’ 
or small test-tube brush (compare Fig. II, 3, 21). They are then 
filled with distilled water and emptied by suction as in Fig. IJ, 5, 8. 
After suction has commenced and the liquid removed, the tube is 
filled several times with distilled water without removing the suction 
device. Dropper pipettes are cleaned by re- 
peatedly filling and emptying them with distilled 
water, finally separating rubber bulb and glass 
tube, and rinsing both with distilled water from 
a wash bottle. A transfer capillary pipette is 
cleaned by blowing a stream of water through it. 

The passage of hydrogen sulphide into a 
solution in a micro centrifuge tube is carried 
out by leading the gas through a fiine capillary 
tube in order not to blow the solution out of the 
tube. The delivery tube may be prepared by 
drawing out part of a length of glass tubing of 
6 mm. diameter to a capillary of 1-2 mm. b^ore 
and 10-20 cm. long. A plug of pure cotton wool 
is inserted into the wide part of the tubing, and 
then the capillary tube is drawn out by means of 
a micro burner to a finer tube of 0-3-0-5 mm. bore 
and about 10 cm. long. The complete arrange- 
ment is illustrated in Fig. II, 5, 9. Such a fine capillary dehvers 
a stream of very small bubbles of gas: large bubbles would throw 
the solution out of the micro centrifuge tube. The flow of the 
hydrogen sulphide must be commenced before introducing the point 
of the capillary into the centrifuge cone. If this is not done, the 
solution will rise in the capillary and when 
hydrogen sulphide is admitted, a precipitate will 
form in the capillary tube and clog it. The point 
of saturation of the solution is indicated by an 
increase in the size of the bubbles ; this is usually 
after about two minutes. 

The identification of gases obtained in the 
reactions for anions may be conducted m an 
Erlenmeyer (or conical) flask of 5 or 10 ml. 
capacity; it is provided with a rubber stopper 
which carries at its lower end a “wedge point’’ 
pin, made preferably of nickel or monel metal 
(Fig. II, 5, 10). A small strip of impregnated 
test paper is placed on the loop of the pin. The 
stoppered flask, containing the reaction mixture and test paper is 
placed on a water bath for five minutes. An improved apparatus 
consists of a small flask provided with a ground glass stopper 
on to which a glass hook is fused (compare Fig. II, 6, 12): 
the test paper is suspended from the glass hook. If the evolved 
gas is to be passed through a liquid reagent, the apparatus 

7 
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of Fig. JJ, 5, ^ or c, proportionately reduced, may be em- 

ployed. 

Confirmatory tests for ions may be carried out either on drop 
reaction paper or upon a spot plate. The technique of spot tests 
is fully described in Section 11, 6. 

The following micro apparatus* will be found useful: 

(1) Micro porcelain, silica and platinum crucibles of 0*5 to 2 ml. 
capacity. 

(2) Micro beakers (5 ml.) and micro conical flasks (5 ml.). 

(S) Micro centrifuge tubes, (0*5, 1*0 and 2*0 ml.). 

(4) Micro test-tubes (40-50 X 8 mm.). 

(5) Micro volumetric flasks (1, 2 and 5 ml.). 

(6) Micro nickel, monel or platinum spatula, 7-10 cm. in length 
and flattened at one end. 

(7) Micro burner. 

(8) Micro agate pestle and mortar. 

(9) Magnifying lens, 5 x or 10 x . 

(10) A pair of small forceps. 

(11) A small platinum spoon, capacity 0*5-1 ml., with handle 
fused into a glass tube. (This may be used for fusions.) 

II, 6. Apparatus required for Spot Test Analysis.— The term 
“spot reaction” is applied to micro and semimicro tests for com- 
pounds or for ions. In these chemical tests manipulation with 
drops (macro, semimicro and micro) play an important part. Spot 
reactions may be carried out by any of the following processes : 

(i) By bringing together one drop of the test solution and of the 
reagent on porous or non-porous surfaces (paper, glass or porcelain). 

(ii) By placing a drop of the test solution on an appropriate 
medium {e.g, filter paper) impregnated with the necessary reagents. 

(iii) By subjecting a strip of reagent paper or a drop of the re- 
agent to the action of the gases liberated from a drop of the test 
solution or fi:om a minute quantity of the solid substance. 

(iv) By placing a drop of the reagent on a small quantity of the 
solid sample, including residues obtained by evaporation or ignition. 

(v) By adding a drop of the reagent to a small volume (say, 
0*5-2 ml.) of the test solution and then extracting the reaction 
products with organic solvents. 

The actual “ spotting ” is the fundamental operation in spot test 
analysis, but it is not always the only manipulation involved. 
PreKminary preparation is usually necessary to produce the correct 
reaction conditions. The preparation may involve some of the 
operations of macro analysis on a diminished scale (compare Section 
II, 5), but it may also utilise certain operations and apparatus 
peculiar to spot test analysis. An account of the latter forms the 
subject matter of the present Section. 

Before dealing with the apparatus required for spot test reactions, 
* All glass apparatus must be of resistance {e.g. Fyrex) glass. 
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it is ixecessary to define clearly the various terms which are employed 
to express the sensitivity of a test. The limit of identificatioii is 
the smallest amount recognisable, and is usually expressed in micro 
grams (/xg.) or gamma (y), one micro gram or one gamma being 
one-thousandth part of a milligram or one-millionth part of a gram. 

1 /xg. = ly 5= 0*001 mg. = 10-® g. 

Throughout this text the term sensitivity will be employed synony- 
mously with limit of identification. The concentration limit is 
the greatest dilution in which the test gives positive results; it is 
expressed as a ratio of substance to solvent or solution. For these 
two terms to be comparable, a standard size drop must be used in 
performing the test. Throughout this book, unless otherwise stated, 
sensitivity will be expressed in terms of a standard drop of 0*05 ml. 

The removal and addition of drops of test and reagent 
solutions is most simply carried out by using glass ' 

tubing, about 20 cm. long and 3 mm. external diameter; 
drops from these tubes have an approximate volume 
of 0*05 ml. The capillary dropper (Fig. //, 5, 3, b) 
may also be employed. A useful glass pipette, about 
20 cm. long, may be made from 4 mm. tubing and 
drawn out at one end in the flame (Fig. II, 1); the 
drawn-out ends of these pipettes may be made of 
varying bores. A liberal supply of glass tubes and 
pipettes should always be kept at hand. They may be 
stored in a beaker about 10 cm. high with the con- 
stricted end downwards and resting upon a pad of pure 
cotton wool; the beaker and pipettes can be protected 
against dust by covering with a sheet of cellophane. 

Pipettes which are used frequently may be supported 
horizontally on a stand constructed of thin glass rod. 

After use, they should be immersed in beakers filled 
with distilled water: interchanges are thus prevented Fig. II, 1 
and subsequent thorough cleaning is facilitated. One-third 

Very small and even-sized drops can be obtained by actual size 
means of platinum wire loops; the size of the loop 
can be varied and by calibrating the various loops (by weighing 
the drops delivered), the amount of liquid delivered from each loop 
is known fairly accurately. A number of loops are made by bend- 
ing platinum wire of suitable thickness; the wires should be attached 
m the usual manner to lengths of glass rod or tubing to act as 
handles. They are kept in Vjx&z test-tubes fitted with corks or 
rubber stoppers and labelled with particulars of the size of drop 
delivered. It must be pointed out that new smooth platinum wire 
allows liquids to drop off too readily, and hence it is essential to 
roughen it by dipping into chloroplatinic acid solution, followed by 
heating to glowing in a flame; this should be repeated several 
times. Micro burettes sometimes find application for the delivery 
of drops. 
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Reagent solutions can be added from dropping bottles of 25-30 
ml. capacity (see Section II, 3, 4). A stock bottle for water and 
for solutions wMeh do not deteriorate on keeping, is shown in 
Mg. jJ, 6, 2 ; it permits the facile addition in ^ops. This stock 
bottle is constructed from a Pyrex flask into which a tube with a 
capillary end is fused; a small rubber bulb is placed over the drawn- 
out neck, which has a small hole to admit air. 

Digestion of solid samples with acid or solvent may be performed 
in small crucibles heated on a metal hot plate, or in an air bath 
(Fig. II, 5, 5), or in the glass apparatus illustrated in Fig. II, 6, 3. 
The last-named is heated over a micro burner, and then rotated so 
that supernatant liquid or solution may be poured ofl drop-wise 
without danger or loss. 

Spot tests may be performed in a number of ways : on a spot plate, 



Fig.II, 2 Fig. IJ, ^,3 


One-third actual size Actual size 

in a micro crucible, test tube or centrifuge tube, or on filter paper. 
Gas reactions are carried out in special apparatus. 

The commercial spot plates are made from glazed porcelain and 
usually contain 6 to 12 depressions of equal size that hold 0*5 to 
1 ml. of liquid. It is advisable, however, to have several spot plates 
with depressions of different sizes. The white porcelain back- 
ground enables very small colour changes to be seen in reactions 
that give coloured products; the colour changes are more readily 
perceived by comparison with blank tests in adjacent cavities of 
the spot plate. Where light-coloured or colourless precipitates or 
turbidities are formed, it is better to employ black spot plates. 
Transparent spot plates of resistance glass (e.^. Jena) are also 
available; these may be placed upon glossy paper of suitable colour. 
The drops of test solution and reagent brought together on a spot 
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plate must always be mixed thoroughly: a glass stirrer (Fig. II, 5, A) 
or a platinum wire may be employed. 

Traces of turbidity and of colour are also readily distinguished in 
micro test-tubes (50 x 8 mm.) or in micro centrifuge tubes. As a 
general rule, these vessels are employed in testing dilute solutions 
so as to obtain a sufficient depth of colour. The liquid in a micro 
centrifuge tube or in a test-tube may be warmed in a special stand 
immersed in a water bath (compare Figs. II, 3, 12-13) or in the 
apparatus depicted in Fig. II, 6, 4. The latter is constructed of 
thin aluminium or nickel wire; the tubes will slip through the 
openings and rest on their collars. The wire holder is arranged to 
fit over a small beaker, which can be filled with water at the appro- 
priate temperature. 

For heating to higher temperatures (>100®) micro porcelain 
crucibles may be employed: they are immersed in an air bath 
(Fig, II, 5, 5) and the latter heated by a micro 
burner, or they can be heated directly on an 
asbestos mat. Small siHca watch glasses also 
find application for evaporations. 

It must be emphasised that all glass and 
porcelain apparatus, including spot plates and 
crucibles, must be kept scrupulously clean. It is 
a good plan to wash aU apparatus (particularly 
spot plates) immediately after use. Glassware 
and porcelain crucibles are best cleaned by im- Fig. II, 6, 4 
mersion in a chromic acid-sulphuric acid mixture 
or in a mixture of concentrated sulphuric acid and hydrogen peroxide, 
followed by washing with a liberal quantity of distilled water, and 
drying. The use of chromic acid mixture is not recommended for 
spot plates. 

The great merit of glass and porcelain apparatus is that they can 
be employed with any strength of acid and base: they are also 
preferred when weakly coloured compounds (especially yellow) are 
produced or when the test depends upon slight colour difierences. 
Filter paper, however, cannot be used with strongly acidic solutions 
for the latter cause it to tear, whilst strongly basic solutions produce 
a swelling of the paper. Nevertheless, for many purposes and 
especially for those dependent upon the application of capillary 
phenomena, spot reactions carried out on filter paper possess 
advantages over those in glass or porcelain: the tests generally have 
greater sensitivity and a permanent (or semi-permanent) record of 
the experiment is obtained. 

Spot reactions upon filter paper are usually performed with 
Whatman drop reaction paper No. 120, but in some cases Whatman 
No. 3MM is utilised: the Schleicher and Schuell (U.S.A.) equivalents 
are Nos. 601 and 598. These papers possess the desirable property 
of rapiffiy absorbing the ^ ^d^^ too much spreading, as is 

the case with^^^^^ t^^ papers. Although impurities have been 
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reduced to minimum values, they may contain traces of iron and 
phosphate: spot reactions for these are better made with quanti* 
tative filter paper (Whatman No, 42 or, preferably, the hardened 
variety No. 542). The paper should be cut into strips 6 x 2 cm. 
or 2 X 2 cm., and stored in petri dishes or in vessels with tightly- 
fitting stoppers. 

Spot test papers are marketed in which the spot reaction is con- 
fined to a uniform area of fixed dimensions, produced by surrounding 
the area by a chemically inert, water-repelling barrier. These 
papers were developed by H. Yagoda and may be employed for 
semi-quantitative work. The Schleicher and SchueU (U.S.A.) No. 
211 Y ‘^confined spot test” paper is intended for use with single 
drops of solution, and No. 597 Y for somewhat larger volumes. 
They are often referred to as Yagoda test papers. 

spot reactions on paper do not always involve interaction between 
a drop of the test solution and one of the reagent. Sometimes the 
paper is impregnated with the reagent and the dry impregnated 
reagent paper is spotted with a drop of the solution. Special care 
must be taken in the choice of the impregnating reagent. Organic 
reagents, that are only slightly soluble in water but dissolve readily 
in alcohol or other organic solvents, find extensive application. 
Water-soluble salts of the alkali metals are frequently not very 
stable in paper. This difficulty can often be surmounted by the 
use of sparingly soluble salts of other metals. In this way the 
concentration of the reactive ion can be regulated automatically 
by the proper selection of the impregnating salt, and the specificity 
of the test can be greatly improved by thus restricting the number 
of possible reactions. Thus potassium xanthate (see under Molyb- 
denum, Section IX, 4, reaction <S) has little value as an impregnating 
agent since it decomposes rapidly and is useless after a few days. 
When, however, cadmium xanthate is used, a paper is obtained 
which gives sensitive reactions only with copper and molybdenum 
and it will keep for months. Similarly the colourless zinc ferro- 
cyanide offers parallel advantages as a source of ferroeyanide ions : 
it provides a highly sensitive test for ferric ions. A further example 
is paper impregnated with zinc, cadmium or antimony sulphides: 
such papers are stable, each with its maximum sulphide ion con- 
centration (controlled by its solubility product) and hence only those 
metallic sulphides are precipitated whose solubility products are 
sufficiently low. Antimonious sulphide paper precipitates only Ag, 
Cu and Hg in the presence of Pb, Cd, Sn, Fe, Ni, Co and Zn. It 
might be expected that the use of ‘‘insoluble” reagents would 
decrease the reaction rate. This retardation is not significant when 
paper is the medium because of the fine state of division and the 
great surface available. Reduction in sensitivity becomes appre- 
ciable only when the solubility products of the reagent and the 
reaction product approach the same order of magnitude. This is 
naturally avoided in the selection of the reagents. 
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Filter paper may be impregnated with reagents by the following 
methods: 

(i) For reagents that are soluble in water or in organic solvents, 
strips of filter paper are bathed in the solutions contained in beakers 
or in dishes. Care must be taken that the strips do not stick to 
the sides of the vessel or to one another, as this will prevent a 
uniform impregnation. The immersion should last about 20 minutes 
and the solution stirred frequently or the vessel gently rotated to 
produce a swirling of the solution. The strips are removed from 
the bath, allowed to drain, pinned to a string (stretched horizontally) 
and allowed to dry in the air. Uniform &*ying is of great impor- 
tance. 

Alternatively, the reagent may be sprayed on to the filter paper. 



The ail-glass spray shown in Fig. 11, 6, 5 (not drawn to scale) gives 
excellent results. A rubber bulb is attached at G; the cork is &ted 
into a boiling tube or small flask charged with the impregnating 
solution. The paper is sprayed first on one side and then on the 
other. 

(ii) For reagents that are precipitated on the paper, the strips 
are soaked rapidly and uniformly with the solution of one of the 
reactants, dried and then immersed similarly in a solution of the 
precipitant. The excess reagents are then removed by washing, 
and the strips dried. The best conditions (concentration of solu- 
tions, order in which applied, etc.) must be determined by experi- 
ment. In preparing highly impregnated papers, the precipitation 
should never be made with concentrated solutions as this may lead 
to an inhomogeneous precipitation and the reagent will tend to fall 
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off the paper after it is washed and dried. It is essential to carry 
out the soaking and precipitation separately with dilute solutions 
and to dry the paper between the individual precipitations. Some- 
times it is preferable to use a reagent in the gaseous form, e.g, 
hydrogen sulphide for sulphides and ammonia for hydroxides ; there 
is then no danger of washing away the precipitate. 

The reactions are carried out by adding a drop of the test solution 
from a capillary pipette, etc., to the centre of the horizontal reagent 
paper resting across a porcelain crucible or similar vessel: an un- 
hindered capillary spreading follows and a circular spot results. 
With an impregnated reagent paper, the resulting change in colour 
may occur almost at once, or it may develop after the application 
of a further reagent. It is usually best not to place a drop of the 
test solution on the paper but to allow it to run slowly from a 
capillary tip (0-2-1 mm. diameter) by touching the tip on the 
paper. The test drop then enters over a minute area, precipitation 
or adsorption of the reaction product occurs in the 
immediate surrounding region, where it remains fixed 
in the fibres whilst the clear liquid spreads radially 
outwards by capillarity. A concentration of the 
coloured product, which would otherwise be spread 
over the whole area originally wetted by the test 
drop, is obtained, thus rendering minute quantities 
distinctly visible. A greater sensitivity is thus 
obtained than by adding a free drop of the test 
solution. Contact with the fingers should be avoided 
in manipulation with drop-reaction papers: a corner 
^ of the strip should be held with a pair of clean forceps, 
r ig. ii, 6, t) problem of separating solid and liquid phases 

Actual size either before or after taking a sample drop or two of 
the test solution firequently arises in spot test analysis. 
When there is a comparatively large volume of liquid and the solid 
matter is required, centrifugation in a micro centrifuge tube (Fig. 
II y 5y 1) may be employed. Alternatively, a micro sintered glass 
filter tube (Fig. //, d, 6), placed in a test-tube of suitable size, may 
be subjected to centrifugation: this device simplifies the washing 
of a precipitate. If the solid is not required, the liquid may be 
collected in a capillary pipette by sucking through a small pad of 
purified cotton wool placed in the capillary end; upon removing 
the cotton wool and wiping the pipette, the liquid may be delivered 
clear and free from suspended matter. 

A useful filter pipette is shown in Fig. IJ, d, 7. It is constructed 
of tubing of 6 mm. in diameter. A rubber bulb is attached to the 
short arm A; the arm B is ground flat, whilst the arm C is drawn 
out to a fine capillary ; a short piece of rubber tubing is fitted over 
the top of B. For filtering, a disc of filter paper of the same dia- 
meter as the outside diameter of the tube (cut out from filter paper 
by means of a sharp cork borer or by a hand punch) is placed on 


w 
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the flat ground surface of B, the tube F placed upon it and then 
held in position by sliding the rubber tubing just far enough over 


D 


Fig.IJ, 7- 

the paper to hold it when the tube F is removed. The filter pipette 
may be used either by placing a drop of the solution on the filter 
disc or by immersing the tube end B into the 
crucible, test-tube or receptacle containing the 
solution to be filtered. The bulb is squeezed 
by the thumb and middle finger, and the dropper 
point closed with the fore-finger thus allowing 
the solution to be drawn through the paper 
when the bulb is released. To release the drops 
of filtered liquid thus obtained, the filter pipette 
is inverted over the spot plate, etc., in an in- 
clined position with the bulb uppermost. 

Manipulation of the bulb again forces the 
liquid in the tip on to the spot plate, etc. The 
precipitate on the paper can be withdrawn for 
any further treatment by simply sKding the 
rubber tubing D down over the arm B. 

Another method involves the use of an Emich 
filter stick fitted through a rubber stopper 
into a thick-walled suction tube; the filtrate is 
collected in a micro test-tube (Fig. II, 6, 8). 

The filter stick has a small pad of purified 
asbestos above the constriction. 

The apparatus iliustrated in Fig. II, 6 , 9 may Fig. II, 6*, 8 
be employed when the filter paper (or drop Two-thirds actual 
reaction paper) must be heated in steam; the size 

filter paper is placed on the side arm support. 

By charging the flask with hydrogen sulphide solution, ammonia 
solution, chlorine or bromine water, the apparatus can be used for 
treating the filter paper with the respective gases or vanoura. 
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Fusion and solution of a melt may be condiicted either in a 
platinum wire loop or in a platinum spoon (0*5-1 mL capacity) 
attached to a heavy platinum wire and fused into a glass holder. 

Gas reactions may be performed in specially 
devised apparatus. Thus in testing for car- 
bonates, s^phides, etc., it is required to absorb 
the gas liberated in a drop of water or reagent 
solution. The apparatus is shown in Fig. II, 6, 10, 
and consists of a micro test-tube of about 1 ml. 
capacity, which can be closed with a small ground 
glass stopper fused to a glass knob. The reagent 
and test solution or test solid are placed in the 
bottom of the tube, and a drop of the reagent 
for the gas is suspended on the knob of the 
stopper. The gas is evolved in the tube, if 
Fig. JJ, 6, 9 necessary, by gentle warming, and is absorbed by 
One-quarter the reagent on the knob. Since the apparatus is 

actual size closed, no gas can escape, and if sufficient time 

is allowed it is absorbed quantitatively by the 
reagent. A drop of water may replace the reagent on the stopper; 
the gas is dissolved, the drop may be washed on to a spot plate or 


i 

Fig. II, 6, 10 
Actual size 

into a imcro crucible and treated with the reagent. The apparatus, 
shown in Fig. II, ^,11, which is closed by a rubber stopper, is 
sometimes preferable, particularly when minute quantities of gas are 



Pig. IJ, 11 Fig. I/, 6, 12 

Actual size Actual size 
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concerned; the glass tube, blown into a small bulb at the lower 
end, may be raised or lowered at will, whilst the change of colour 
and reaction products may be rendered more easily visible by filMng 
the bulb with gypsum or magnesia powder. In some reactions, 
in testing for ammonia, it may be desirable to suspend a small strip 
of reagent paper ifrom a glass hook fused to the stopper as in Eig. 
/I, d, 12. When a particular gas has to be identified in the pre- 
sence of other gases, the apparatus shown in Fig. II, 6, 13 should 
be used; here the stopper for the micro test-tube consists of a small 
glass funnel on top of which the impregnated filter paper is laid in 
order to absorb the gas. The impregnated filter paper permits the 
passage of the indifferent gases and only retains the gas to be tested 
by the formation of a non-volatile compound that can be identified 
by means of a spot test. Another useful apparatus is shown in 



Fig. II, 6, 13 Fig. II, 6, 14 Fig. II, 6, 15 

Actual size Actual size Actual size 


Fig. II, 6, 14; it consists of a micro test-tube into which is placed a 
loosely-fitting glass tube narrowed at both ends. The lower capillary 
end is filled to a height of about 1 mm. with a suitable reagent 
solution ; if the gas liWated forms a coloured compound with the 
reagent, it can easily be seen in the capillary. 

Where high temperatures or glowiiag are necessary for the evolu- 
tion of the gas, a simple hard glass tube supported in a circular hole 
in an asbestos or ‘‘uralite '’ plate (Fig. II, 6, 15) may be used. 
The open end of the tube should be covered by a small piece of 
reagent paper and kept in position by means of a glass cap. 

Micro distillation is sometimes required, e>g. in the chromyl 
chloride test for a chloride (see Section IV, 14, reaction 5). The 
apparatus depicted in Fig, /J, d, 16 is suitable for the distillation 
of very small quantities of a mixture. A micro crucible or a micro 
centrifuge tube may be employed as a receiver. 
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^ III, IV and IX the experimental detads are given 

for the detection of a number of elements or radicals by spot tests. 
These tests are set out in small (9 point) type as distinct from the 
other reactions which are in larger type: they can thus be readily 
distinguished and this is further ^cilitated by the use of a dagger (f) 
preceding the small type. The sensitivities given are, as a general 

rule, for a solution containing only 
the ion in question. It must be 
remembered that this is the most 
favourable case, and that in actual 
practice the presence of other ions 
usually necessitates a modification 
of the procedure, which is fre- 
quently indicated, and which, more 
often than not, involves a loss 
of sensitivity. Almost without 
exception each test is subject to 
interference from the presence of 
other ions, and the possibility of 
Fig. II, 6, 16 these interferences occurring must 

Actual size taken into consideration when 

a test is applied. Furthermore, 
the sensitivities when determined upon drop-reaction paper will 
depend upon the type of paper used. The figures given in the text 
have been obtained largely with the Schleicher and Schuell spot 
paper: substantially similar results are given by the equivalent 
Whatman papers. For purposes of reference the following equi- 
valent papers are tabulated: 


Schleicher and Schuell paper 

Whatman paper 

No. 601, “spot paper.” 

No. 698. 

No. 589. 

Drop-reaction paper, No. 120, 
double thickness. 

No. 3 MM. , 1st quality. 

No. 42 or No. 542. 


It is important to draw attention to the difference between the 
terms ‘‘specific” and “selective” when used in connexion with 
reagents or reactions. Reactions (and reagents), which under the 
experimental conditions employed are indicative of one substance 
(or ion) only are designated as specific, whilst those reactions (and 
reagents) which are characteristic of a comparatively small number 
of substances are classified as selective. Hence we may describe 
reactions (or reagents) as having varying degrees of selectivity; 
however, a reaction (or reagent) can be only specific or not specific. 




CHAPTER III 


REACTIONS OF THE METAL IONS OR CATIONS 

HI, 1. The Analytical Classification of the Metals, — The 
common metallic ions may be divided, for purposes of qualita- 
tive analysis, into a number of groups which are distinguished 
by the fact that the metals of any group are precipitated by 
a particular group reagent. Thus by the addition of a slight 


Group 

Group 

reagent 

Ions 

Formula of 
precipitate 

Distinguishing 

features 

I 

{Silver 

group) 

Mute HCl 

i 

Ag+ Pb++,| 

AgQ, PbClj, 
Hg^Cl, 

Chlorides in- 
soluble in cold 
dilute HCL 

II 

(Copper 

and 

arsenic 

groups) 

HgS in pre- 
sence of 
dilute HCl 

Hg++ 

Pb++, 

Bi+++ 

Cu+ + 

Cd++, 

Sn++, 

As'^+^j 

Sb+++, 

Sn++++ 

HgS, PbS, 
BigSji, CuS, 
CdS, SnS, 

ASgSg, 

SbgSg, SnSg 

Sulphides in- 
soluble in dilute 
HCl (ca. 0 - 3 N) 

IIIA 

(Iron 

group) 

Aq. NHg in 
presence 
ofNH4Cl 

1 

Ai+ + +, 
Cr++ + 
Fe+++ 

Al(OH)g, 

Cr(OH)3, 

Fe{OH)3 

Hydroxides 
pptd. by 
aq. NHg in 
presence of 
excess of 

NH4CI. 

IIIB 

{Zinc 

group) 

HgS in pre- 
sence of 
aq. NHs 
and 

NH4CI 

Ni++ 

Co++, 

]yhi++, 

Zn++ 

NiS, CoS, 
MnS, ZnS 

Sulphides pptd. 
by HgS in pre- 
sence of aq. 

NHg and 

NH4C1, 

iv': 

(Calcium 

group) 

(NH4)gGOg 
in presence 
of aq. NHg 
andNH^Cl 

Ba + +, 

Sr++, 

Ca++ 

1 

BaCOg, 

SrCOg, 1 

CaCOg 1 

Carbonates 
pptd. by 
(NH4)gC03 
in presence of 
NH4CI. 

V 

(Alkali 

group) 

No particu- 
lar reagent 

Mg++,Na+, 
K+ NH4+ 

Mg++, Na+, 
K+, NH4+ 
j in solution 

i 

Ions not pptd. 
in previous 
groups 
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excess of dilute hydrochloric acid to a solution containing all 
the common metallic ions, a precipitate is obtained consisting 
of the chlorides of silver, lead and mercurous mercury. These 
metal ions are therefore classed together in Group I; their 
chlorides are insoluble in cold, dilute hydrochloric acid (m. 

Similarly by the use of the appropriate group reagents, 
the remaining metallic ions are separated into different groups. 
In general, it may be stated that the classification is based upon 
the varying soluMlities of the chlorides, sulphides, hydroxides 
and carbonates. 

The various groups are summarised in the table on the 
previous page. 

Ammonium is detected in the original substance by boiling 
a small portion with sodium hydroxide solution before carrying 
out the separation of the metal ions into groups. 

It is assumed in the above table that the group reagents are 
added systematically to the solutions from which the ions of 
the earher groups have been removed. Thus dilute hydro- 
chloric acid is added to the original solution, hydrogen sulphide 
is passed into the filtrate from Group I, ammonium chloride 
and aqueous ammonia solutions are added to the filtrate from 
Group II, and so on. 

A knowledge of the reaction of the various ions is necessary 
in order to understand the processes involved in the separation 
of the members of the various groups and generally to appre- 
ciate the subject of qualitative analysis. A systematic account 
of the more common metal ions arranged in order of the groups 
is given in the following pages. 

The reactions will be expressed largely as molecular equations. 
Many of these should, of course, be written as ionic equations : 
the student is therefore recommended to rewrite, where applic- 
able, the molecular equations in their ionic forms, and this 
should be regarded as an essential part of the study of the 
reactions of the various cations and anions. The so-called 
ammonium hydroxide reagent is a solution of ammonia gas in 
water and it is doubtful whether the undissociated base 
lSrH 40 H has any actual existence (see Sections I, 5 and I, 42): 
the reagent wOl be termed ammonia solution in the text. It 
will be appreciated that the basic character of ammonia 
solution (NH 3 + H 2 O + OH~) is readily understood 

on the Lowry-Bronsted theory (see Section I, 42). For the 
sake of simplicity, the unhydrated hydrogen ion H+ will be 
employed in equations for the hydroxonium ion in 

aqueous solution it is, of course, the hydrated proton and not 
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the free proton that is present (see Section I, 5). Mention 
should also be made of the fact that a solution of hydrogen 
sulphide in aqueous ammonia contains mainly ammonium 
hy^osulphide NH 4 HS; the existence of the normal sulphide 
( 1 ^ 114)28 in aqueous solution is very doubtful and, in any case, 
would be almost completely hydrolysed (compare Example 22 
in Section I, 40), 

When carrying out the various reactions of cations and 
anions, the student may adopt either the macro or semimicro 
technique, Fortheformer test-tubes (150 x 19 mm.), beakers, 
conical flasks (50 ml.), etc., are employed: the student should 
always aim to keep the volumes and quantities of reagents as 
small as possible. The advantages of the semimicro technique, 
especially from the viewpoint of economy of chemicals and 
apparatus (see paragraphs before Section II, 1), are so great 
that it must be strongly recommended to all. Reactions are 
performed in 4 ml. test-tubes (75 X 10 mm.) or 3 ml. centri- 
fuge tubes, the precipitates are separated from the super- 
natant liquids by centrifugation, evaporations are conducted 
in either 5-8 ml. porcelain crucibles or in 20 ml. boiling tubes, 
etc. (see Section II, 3). Alternative tables of separation for 
macro and semimicro work will be provided. 

As an illustration of the economy of chemicals and of time on the 
semimiero scale, details will be given as to how reaction 1 for lead 
and silver ioi\.s (Sections III, 2 and III, 4) may be carried out. 
To 2 drops of the test solution of Pb++ contained in a 3 ml. centrifuge 
tube add 2 drops of dilute hydrochloric acid. Observe the nature, 
size and colour of the precipitate. Centrifuge the mixture : remem- 
ber to balance the test-tube with another similar tube containing 
the same volume of water. Remove the supernatant liquid, called 
the centrifugate, by means of a capillary dropper to another centri- 
fuge tube, test it with another drop of dilute hydrochloric acid to 
ensure complete precipitation, and then reject the solution. Treat 
the precipitate, termed the residue, with 2 drops of distilled water, 
stir and centrifuge. Remove the liquid, called the washings, and 
reject it. Add 5 drops of distilled water to the residue, stir and place 
the tube in a boiling water bath. Stir while heating: note that the 
precipitate dissolves completely. To the solution add 1 drop of 
dilute acetic acid and 1 drop of potassium chromate solution. A 
yellow precipitate of lead chromate separates. 

To 2 drops of the test solution of Ag+ contained in a 3 ml. centri- 
fuge tube add 2 drops of dilute hydrochloric acid. Observe the 
nature, colour and size of the predpitate. Centrifuge and discard 
the centrifugate. Wash the precipitate by adding 2 drops of 
distilled water, stir and centrtfuge: discard the washings. Treat 
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the residue of silver chloride with 6 drops of dilute aqueous ammonia 
and stir until complete solution takes place. Now add dilute nitric 
acid, drop by drop, stirring the mixture after each addition, until 
acid (test by removing a drop of the stirred mixture on to blue 
litmus paper). Observe the formation of a white precipitate of 
silver chloride. 

LEAD, MEBGUBY (OUS) AND 8 ILVEM 

TE© compotuads of these metals are characterised by their precipitation as 
chlorides by dilute hydrochloric acid or by a soluble chloride. Lead chloride 
is slightly soluble in water and hence is not completely precipitated as 
chloride in this group ; it is therefore also found in Group II, where it is pre- 
cipitated as the highly insoluble sulphide. 

Lead, Pb 

Lead is a bluish-grey metal with a density of 11*48 . It is readily 
dissolved by dilute nitric acid: 

3Pb + 8HNO3 = SPbCNOsla + 2NO + ^^0 
With concentrated nitric acid, a protective film of lead nitrate, 
which is insoluble in this acid, prevents complete solution. Dilute 
hydrochloric acid and dilute sulphuric acid have little action owing 
to the formation of protective films of lead chloride and sulphate 
respectively. 

Ill, 2. REACTIONS ,OF THE LEAD ION, Pb++ 

Use a solution of lead nitrate, Pb(N03)2, or of lead acetate, 
Pb(C2H302)2jSB[20 (abbreviated to PbA2,3H20), acidified with 
a little acetic acid H.G2HSO2 (or HA).’^ 

L Dilute Hydrochloric Acid: white precipitate of lead 
chloride PbCl2, formed only in cold and not too dilute solution: 

Pb(]Sr03)2 + 2HC1 -= PbCJg + 2HNO3 

The precipitate is soluble in hot water (33*4 g. and 9*9 g. per 
litre at 100° and 20° respectively), but separates out again in 
needles when the solution is cooled. It is also soluble in con- 
centrated hydrochloric acid and in concentrated alkali chloride 
solutions owing to the formation of complex compounds (com- 
pare Section I, 19); these are decomposed on dilution with 
water with the separation of lead chloride : 

PbClg + HCl ^H[PhCl3] ; PbClg + 2HC1 ^ HsLPbCy 

* It is recoimnerided that th© tost solutions employed in the study of the 
reactions of the cations and anions described in Chapters III and IV be 
prepared as detailed in th© Appendix (Section A, 3). These contain 10 
milligrams of the cation or anion per ml. 
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2 . Potassium Iodide Solution: yellow precipitate of lead 
iodide Pbl2, moderately soluble in boiling water to yield a 
colourless solution from which it separates on cooling in golden 
yellow plates. It is also soluble in excess of potassium iodide 
solution forming a complex salt, which is decomposed on 
dilution with deposition of lead iodide, 

Pb(NOs)2 + 2 KI = Pbla + 2KNO3 
Pbl2 + 2 KI ^K2[Pbl4] 

3 . Dilute Sulphuric Acid: white precipitate of lead sul- 
phate PbS04, insoluble in excess, but soluble in a concentrated 
solution of ammonium acetate (due to the formation of lead 
acetate, which is little ionised in the presence of excess of 
acetate ions; see Common Ion Effect, Section I, 14) or in an 
ammoniacal solution of ammonium tartrate, 

Pb(N08)2 + H2SO4 = PbS04 + 2HNO3 
PbS04 + 2NH4.C2H3O2 = Pb(C2H302)2 + (NH4)2S04 

4 . Potassium Chromate Solution; yellow precipitate of 
lead chromate PbCr04, insoluble in acetic acid and in ammonia 
solution, but soluble in alkali hydroxides and in nitric acid. 
Lead chromate is quantitatively precipitated from an ammo- 
nium acetate solution of lead sulphate (reaction 3 ). 

Pb(N03)2 + K 2 Cr 04 == PbCr 04 + 2 KNO 3 
PbCr 04 + 4]SraOH = Na2[Pb02] + + 2 H 2 O 

5 . Hydrogen Sulphide : black precipitate of lead sulphide 
PbS. The precipitate is often red in the presence of hydro- 
chloric acid; this is due to the initial formation of lead 
sulphochloride Pb2SCl2, which is decomposed on dilution and 
by passage of excess of hydrogen sulphide forming black lead 
sulphide. 

Pb(N03)2 + HgS == PbS + 2HNO3 
2PbCl2 + HgS = PbsSClg + 2HCi 

The precipitate of lead sulphide is very slightly soluble in 
solutions of alkali polysulphides, insoluble in alkali mono- 
sulphides, but soluble in hot dilute nitric acid: 

3PbS + 8HNO3 = 3Pb(N03)2 + +8S 

It is converted into white lead sulphate PbS04 treatment 
with hydrogen peroxide : 

PbS + 4H2O2 === PbS 04 + 4H2O 

The great insolubility of lead sidphide m water (4*9 X g. per litre) 

explains why hydrogen sulphide is such a sensitive reagent for the detection 
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of lead, and why it can be detected in the filtrate from^the separation of the 
sparingly soluble lead chloride in dilute hydrochloric acid, 

l!iote.~Hydrogm sulphide is a highly poisonous gas, all 
operations with the gas must be conducted in the fume chamber. 
Every precaution must be observed to prevent the escape of hydrogen 
sulphide into the air of the laboratory. 

6, Sodium Hydroxide Solution: white precipitate of lead 
hydroxide Pb(OH)2, soluble in excess of the reagent to form 
sodium plumbite : 

Pb(N03)2 + 2NaOH == Pb(OH)2 + 2NaN03; 

Pb(0H)2 + 2NaOH = Na2[Pb02] + 2H2O 

Hydrogen peroxide or a solution of a persulphate precipitates 
brown lead dioxide PbO^ from a solution of sodium plumbite. 

Ammonia solution yields the white lead hydroxide^ insoluble 
in excess of precipitant. 

t?'. Tetramethyldiamino-diphenylmethane (or “Tetra^base”) 
Reagent 



a blue oxidation product {hydrol: —CHg —^(OH)} is formed under 
the conditions given below. 

Place 1 ml. of the test solution in a 5 ml. centrifuge tube, add 1 ml. 
of 2iV potassium hydroxide and 0*5-1 ml. of 3 per cent hydrogen 
peroxide solution. Allow to stand for 5 minutes. Separate the pre- 
cipitated lead plumbate by centrifugation, and wash once with cold 
water. Add 2 ml. of the reagent, shake and centrifuge. The super- 
natant liquid is coloured blue. 

Pb(OH)2 -f 2KOH + H 2 O 2 - K 2 Pb 03 + SHgO 

The ions of Bi, Ce, Mn, Tl, Co and Ni give a similar reaction: Fe and 
large quantities of Cu interfere. 

Concentration limit: 1 in 10,000. 

The reagent is prepared by dissolving 0*5 g. of the “tetra-base” in 
a mixture of 20 ml. of glacial acetic acid and 80 ml. of 96 per cent 
ethyl alcohol. 

t^. Benzidine Reagent 



the so-called “benzidine blue” is produced upon oxidation with lead 
dioxide. The ions of Bi, Ce, Mn, Co, Ni, Ag and Tl give a similar 
reaction, but by performing the test in an alkaline extract (^.e. with a 
plumbite solution), only Tl interferes. Oxidation is conveniently 
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carried out by sodium bypobromite ; the excess of the latter is destroyed 
by ammonia: 2NH3 + 3NaOBr = Ng + 3NaBr + SHgO. 

Place a drop of the test solution upon drop-reaction paper, and treat 
successively with 2 drops of W sodium hydroxide and 1 drop of 
saturated bromine water. Add 2 drops of 1 ; 1 -ammonia solution; 
remove the excess of ammonia by waving the paper over a small flame. 
Add 2 drops of the reagent: a blue colour develops. 

Sensitivity: 1 \i%. Pb. Concentration limit: 1 in 50,000. 

The reagent is a 0*05 per cent solution of benzidine in 10 per cent 
acetic acid. 

fP. Gallocyanine Reagent 


HOOC 



deep violet precipitate of unknown composition. The test is applicable 
to finely-divided lead sulphate precipitated on filter paper. 

Place a drop of the test solution upon drop -reaction paper, followed 
by a drop each of 1 per cent aqueous pyridine and the gallocyanine 
reagent (blue). Remove the excess of the reagent by placing several 
filter papers beneath the drop-reaction paper and adding drops of the 
pyridine solution to the spot until the wash liquid percolating through 
is colourless; move the filter papers to a fresh position after each 
addition of pyridine. A deep violet spot is produced. 

Sensitivity: 1-6 jag. Pb. Concentration limit: 1 in 50,000. 

In the presence of silver, bismuth, cadmium or copper, proceed 
as follows. Transfer a drop of the test solution to a drop-reaction paper 
and add a drop of 2iNr-sulphuric acid to fix the lead as lead sulphate. 
Remove the soluble sulphates of the other metals by washing with 
about S drops of 2i\r -sulphuric acid, followed by a little rectified spirit. 
Dry the paper on a water bath, and then apply the test as detailed above. 

The reagent consists of a 1 per cent aqueous solution of gallocyanine. 

flO, Diphenylthiocarbazone (or Dithizone) Reagent 

NH-NHCgHs \ 

/* 

brick-red complex salt in neutral, ammoniacal, alkaline or alkali- 
cyanide solution. 

Place I ml. of the neutral or faintly alkaline solution in a micro 
test-tube, introduce a few small crystals of potassium cyanide, and then 
2 drops of the reagent. Shake for 30 seconds. The green colour of the 
reagent changes into red. 

Sensitivity: O’l /xg. Pb (in neutral solution). Concentration limit: 
1 in 1,250,000. 

Heavy metals (Ag, Hg, Cu, Cd, Sb, M, Zn, etc.) interfere, but this 
efiect may be eliminated by conducting the reaction in the presence of 




much alkali cyanide: excess of KOH solution is also required for Zn. 
The reaction is extremely sensitive, but it is not very seleotive. 

The reagent is prepared by dissolving 2-5 mg* of dithizone in 100 ml. 
of (sarbon tetrachloride or chloroform. It does not keep well. 

Dry Tests 

(i) Blowpipe test. — ^When a lead salt is heated with alkali 
carbonate upon charcoal, a malleable bead of lead (which is 
soft and will mark paper), surrounded with a yellow incrusta- 
tion of lead monoxide, is obtained. 

(ii) Flame test. — ^Pale blue (inconclusive). 

Mebcury Hg 

Mercury is a silvery-white, liquid metal at the ordinary tempera- 
ture and has a density (dJI) of 13*595. It is unaffected by treat- 
ment with dilute hydrochloric or dilute sulphuric acid, but reacts 
readily with nitric acid. Cold dilute nitric acid and excess of 
mercury yield mercurous nitrate, whilst with excess of the hot 
concentrated acid mercuric nitrate is produced: 

6Hg -f 8HNO3 = 3Hg2(N03)2 + 2NO + m,0; 

Hg 4- 4HNO3 - Hg(N03)2 4* 2NO3 -f 2H3O 

With hot concentrated sulphuric acid, mercurous or mercuric sul- 
phate is formed according as the metal or the acid is present in excess; 
2Hg + 2HaS04 - Hg2S04 -f SO^ + 2H2O; 

Hg 4 2H2SO4 = HgSO^ + SO2 + 2H2O 

Mercury forms two series of salts: the mercurous compounds, 
corresponding to mercurous oxide Hg20 and containing the bivalent 
mercurous group Hg2'^'^ (— Hg—Hg— ), and the mercuric com- 
pounds, corresponding to mercuric oxide and containing the bivalent 
ion Hg++. 

Ill, 3. REACTIONS OF THE MERCUROUS ION, Hg2++ 

Use a solution of mercurous nitrate, Hg2(N03)2,2H20.* 

1. Dilute Hydrochloric Acid: white precipitate of mer- 
curous chloride (calomel) Hg2Cl2> insoluble in hot water and 
in cold dilute acids, but soluble in aqua regia, whereby it is 
converted into mercuric chloride. 

Hg2(N03)2 + 2HC1 = Hg2Cl2 + 2HNO3 
The precipitate becomes black when ammonia solution is 
poured over it, due to the production of amino-mercuric 
chloride (‘‘infusible white precipitate”) and finely divided 

* Use sufficient cold, dilute nitric acid to produce a clear solution. 
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mercury (black) ; this black mixture is soluble in aqua regia 
with the formation of mercuric chloride: 

Hg^Cla + 2NH3 -= Hg(NH2)Cl + Hg + NH4Ci 

2 . Potassium Iodide Solution: yellowish-green precipitate 
of mercurous iodide Hg2l2? which yields soluble potassium 
mercuri-iodide K2[Hgl4] and black finely divided mercury with 
excess of the reagent. 

Hg2(N03)2 + 2KI - Hg2l2 + 2KNO3; 

Hg2l2+2KI==K2[Hgl4]+Hg 

3. Potassium Chromate Solution; brown amorphous 
precipitate of mercurous chromate Hg2Cr04 in the cold, which 
is converted into a red crystalline form on boiling. 

H^E 2 (N 03)2 I^ 2 Cr 04 = Hg 2 Cr 04 + 2 KINO 3 

4 . Hydrogen Sulphide: immediate black precipitate of 
mercuric sulphide HgS and mercury (difference from mercuric 
salts). 


Hg2(N03)2 + H2S = 2HNO3 + HgS + Hg 

5. Sodium Hydroxide Solution; black precipitate of 
mercurous oxide Hg20, insoluble in excess of the precipitant. 

Hg2(N03)2 + 2NaOH = HggO + 2NaN03 + H2O 


d. Ammonia Solution: black precipitate, consisting of a 
mercuric amino salt and finely divided mercury. 

Hg 

2Hg2(NOs)2 + 4 NH 3 -f H^O = 0^ NH2.NO3 + 2Hg + 3NH4NO3 


7. Stannous Chloride Solution: grey, finely-divided mer- 
cury is obtained with excess of the reagent. 

Hg2(N03)2 + SnCls + 2HC1 = 2Hg -f SnCk + 2HNO3 

«S. Potassium Nitrite Solution: mercury separates as a 
dark grey (or black) precipitate (distinction from mercuric 
salts). 

t The spot test technique is as follows. Place a drop of the faintly 
acid test solution upon drop-reaction paper and add a drop of concen- 
trated potassium nitrite solution. A black (or dark grey) spot is 
produced. The test is highly selective. Coloured ions yield a brown 
coloration which may be washed away, leaving the black spot. 
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Dry Testa 

See under Mercuric Ion, Section III, 6. 

SiLVEE Ag 

Silver is a white, malleable and ductile metal. It is insoluble in 
dilute hydrochloric and sulphuric acids, but dissolves readily in 
nitric acid (2:1) and in boiling concentrated sulphuric acid : 

Ag + 2HNO3 = AgNOs + NO2 + HgO; 

2Ag -f 2H2SO4 = Ag2S04 4- SO2 4- 2H2O 

III, 4. REACTIONS OF THE SILVER ION, Ag+ 

Use a solution of silver nitrate, AgNOg. 

1. Dilute Hydrochloric Acid: white, curdy precipitate of 
silver chloride AgCl, which darkens on exposure to light. The 
precipitate is insoluble in water (solubility, 1*5 X 10'*"^ g. per 
litre) and in acids (including nitric acid), but is soluble in dilute 
ammonia solution owing to the formation of the complex ion, 
[Ag(NH3)2]+ (see Section I, 20). It is precipitated from the 
ammoniacal solution by the addition of dilute nitric acid; silver 
iodide is precipitated with potassium iodide solution. 

AgNOs 4- HCl = AgCl 4- HNO3; 

AgCl4-2NH3 = [Ag(NH3)2]Cl; 

[Ag(NH3)2]Cl 4- 2HNO3 - AgCl 4- 2NH4NO3; 
[Ag(NH 3 ) 2 ]Gl + KI == Agl + KOI + 2NH3 

Silver chloride is also soluble in potassium cyanide solution 
{highly poisonous) and in sodium thiosulphate solution: 

AgCl + 2KCN ^ K[Ag( 

2AgCl + 3Na2S203 = Na4[Ag2(S203)3] + 2NaCl 

t A useful spot test, which may be applied to a silver chloride pre- 
cipitate, makes use of the reaction with manganous salts and alkali : 

2Ag+ 4- Mn + + 4- 40H" = MnOg + 2Ag 4* 

A stain of AgCl is thus coloured black. Mercurous and mercuric 
mercury, stannous tin and the noble metals interfere. 

Place a drop of dilute HGl, followed by a drop of the test solution 
upon filter or drop reaction paper. Then add a drop of 2 per cent 
MnSOi or Mn(N03)2 solution and a drop of 10 per cent KOH solution. 
A black stain is produced. 

Sensitivity: 2 jag. Ag. Concentration limit: 1 in 25,000. 

2 . Potassium Iodide Solution: yellow precipitate of silver 
iodide Agl, insoluble in concentrated ammonia solution, but 
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readily soluble in solutions of potassium cyanide and of sodium 
thiosulphate. 

AgN03+KI==AgI+KN03; , 

Agl + 2 KCN = K[Ag(CN) 2 ] + KI 

3, Potassium Chromate Solution : red precipitate of silver 
chromate Ag2Cr04, insoluble in dilute acetic acid, but soluble 
in dilute nitric acid and in ammonia solution. 

2AgN03 + K2Cr04 = Ag2Cr04 + 2KNO3 

f The spot technique is as follows. Place a drop of the test solution 
on a watch glass or on a spot plate, add a drop of ammonium carbonate 
solution and stir (this renders any mercurous mercury or lead ions un- 
reactive by precipitation as the highly insoluble carbonates). Remove 
one drop of the clear liquid and place it on drop-reaction paper together 
with a drop of the potassium chromate reagent. A red ring of silver 
chromate is obtained. 

Sensitivity: 2 /xg. Ag. Concentration limit: 1 in 25,000. 

Alternatively, the reaction with the clear solution may be carried out 
on a spot plate, when red silver chromate is precipitated. 

The reagent consists of a 1 per cent solution of potassium chromate 
in jV-acetic acid. 

i. Hydrogen Sulphide : black precipitate of silver sulphide 
Ag2S, insoluble in water (solubility, l x g. per litre) and 
in ammonia solution, but soluble in hot dilute nitric acid. 

2AgN03 + HgS = Ag2S + 2HNO3 
3 Ag 2 S + 8 HNO 3 = BAgISrOs + 2NO + 3S + fflgO 

5 . Sodium Hydroxide Solution: brown precipitate of 
silver oxide Ag20, insoluble in excess of the precipitant. 

2AgN03 + 2 NaOH = AggO + 2Na]SF03 + HgO 

6, Ammonia Solution: white precipitate at first which 
quickly passes into brown silver oxide Ag20, soluble in excess 
of the precipitant. 

Ag 20 + 4 NH 3 + H 2 O - 2 [Ag(NH 3 ) 2 ]OH 
para-Dimetliylamino-henzylidene-rhodanine Reagent 



red-violet salt (Ag replaces H of HN group) in faintly acid solution. 
Mercury, cuprous copper, gold, platinum and palladium salts form 
similar compounds and therefore interfere. 
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Spot the test solution upon drop reaction paper, add 1 drop of N 
nitric acid, followed by a drop of the reagent. A red-violet precipitate or 
stain is formed according to the silver content of the test solution. 

Alternatively, the test may be performed oii a spot plate or in a 
semimicro test-tube; in the latter case the excess of the reagent is 
extracted with ether or amyl alcohol when violet specks of the silver 
complex will be visible under the yellow solvent layer. 

Sensitivity : 0*02 /ig. Ag, (in 0‘ 21^ 01^0 acid). 

Concentration limit: 1 in 2,500,000. 

If mercury Is present, treat a drop of the test solution either on 
drop reaction paper or on a spot plate with a drop of 5 per cent potas- 
sium cyanide solution, followed by a drop of the reagent and a drop of 
2A nitric acid. The silver rhodanine complex is precipitated: the 
mercury is held in solution as undissociated mercuric cyanide. 

If gold, platinum and palladium are present (copper must be 
absent since cuprous copper gives a violet precipitate in acid solution), 
mix on a spot plate 1 drop of the test solution with a drop of 10 per cent 
potassium cyanide solution and a drop of the reagent. Stir and acidify 
with 3-?/ nitric acid. A red colour is obtained in the presence of 2*5 jag, 
of silver. 

The reagent consists of a 0*03 per cent solution of p-dimethylamino- 
benzylidene-rhodanine in acetone or in alcohol. 

To detect Ag in a mixture of PbClg, Hg 2 Cl 2 and AgCl (Group I), the 
mixture is treated with 5 per cent potassium cyanide solution whereby 
Hg(CN )2 + Hg as well as K[Ag(CN) 2 ] are formed: after filtration (or 
centrifugation), a little of the clear filtrate is treated on a spot plate 
with a drop of the reagent and 2 drops of 2N nitric acid, A red colora- 
tion is formed in the presence of Ag in weakly acid solution. 

Dry Tests 

Bloiopipe test,— When a silver salt is heated with alkali 
carbonate on charcoal, a white malleable bead without an 
incrustation of the oxide results; this is readily soluble in nitric 
acid. The solution is immediately precipitated by dilute 
hydrochloric acid, but not by very dilute sulphuric acid (dif- 
ference from lead). 

DETECTIOK AKD SEPABATIOK OE METALS IN THE SILVER GROUP 
(GROUP I) 

When the student has worked through the reactions of the metals 
in this group, he should attempt to identify the members of the 
group both singly and when present in a mixture in the solutions 
supplied to him by the teacher. With the aid of the following 
simplified table which is directly based upon the reactions already 
studied, this should prove a comparatively simple task. A more 
detailed table will be given when all the metals have been studied. 

It is important that the student should acquire the habit of 
recording his results in tabular form. 
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III, 5. Table I. Analysis of the Silver Group (Group I) 


To the given solution (or to the solution of the substance in water), add 
dilute HCI in excess and filter. Discard the filtrate. (T)* Wash the 
precipitate, which may contain DbCl2, AgCl and HgaClg, with a little 
very dilute HGl (ca. 0‘5A'). Boil the precipitate with 5-10 ml. of water 
and filter hot. 


Residue. May contain HggCla and AgCl. 
Wash the ppt. thoroughly with hot water 
until the extract gives no ppt. with 
solution, thus ensuring the complete removal 
of lead; reject the washings. 

Pour 3-4 ml. of warm dilute NHg solution 
over the ppt. on the filter. 


Residue. Black. 
Hg + Hg(NH2)Cl.| 
Mercury 
present. 


Filtrate. May contain 
[Ag(NH,),]Cl. 

Acidify with dilute 

HisrOg. 

White ppt. of AgCl. 
Silver present. 


Filtrate. May contain 
PbCla. Divide into two 
parts: 

(i) Add a little ammo- 
nium acetate solution fol- 
lowed by KaCr04 solution. 
Yellow ppt. of PbCrO*. 

(ii) Cool under tap. 
White crystalline ppt. of 
PbOlg. 

Lead present. 


Ill, 5. Table SMI. Analysis of the Silver Group (Group I) 

To 1 ml. of the given solution in a 3 ml. centrifuge tube (or a 4 ml. 
test-tube), add 3-4 drops (1) of dilute HGl. Stir. Centrifuge. Remove 
the centrifugate with a dropper pipette to another tube, and test for 
completeness of precipitation with 1 drop of dilute HCI; if no ppt. forms, 
discard the solution. Wash the ppt. with 3 drops of dilute HGl, stir, and 
centrifuge. Remove and discard the washings, (T) *** The residue may 
contain PbClg, AgCl and Hg^Cla. Add 1 ml. of hot water to the ppt., 
place the tube in a boiling water bath for 1-2 minutes, and stir con- 
tinuously. Centrifuge rapidly; separate the solution from the residue 
with a capillary pipette and transfer the clear solution to a centrifuge tube. 

Residue. May contain HggClg and AgCl, and Centrifugate. May 
also some undissolved PbCla. To remove the contain PbClg. Add 
latter, add 1-0 ml. of water, place the tube in a 2 drops of ammonium 
boiling water bath for 1 minute ; centrifuge and acetate solution and 
reject the supernatant liquid. Treat the residue 1 drop of K2Cr04 
with 0*5 ml. of warm dilute aqueous NH3, stir and solution, 
centrifuge. Yellow ppt. of 

. ' ' ' - ^ ■■ ' PbCr04. 

Residue. Black. Centrifugate. May con- Lead present. 

Hg-(-Hg(NH,)01. tain [Ag(NH.),]a. Add dflute 
Mercury HQ or dilute HNO^ until 
present. acid (2). 

White ppt, of AgCl. 

Silver present. 

* The symbol (T) refers to the point at which the group separation is 

commenced in connexion with Table S (Section V, 8) and Table SM.S 

(Section VI, 9) respectively. 
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Notes^{l) 'Em the sake of nniformity throngkont the text, a drop 
is iatended 0-05 ml. — ^the volume of the drop delivered 

by the common medicine dropper. If the instructions require the 
addition of ml., this quantity can either he measured out in a 
small measuring cylinder or from a calibrated pipette, or 10 drops 
can be added directly from a reagent dropper provided, of course, 
that a drop from the latter does not differ appreciably from 0*05 ml. 
(see, however, Section II, 3, S). It is recommended that all droppers 
be calibrated as follows. The dropper pipette is almost filled with 
water by alternately compressing and releasing the bulb whilst the 
capillary end is dipped into a small beaker containing distilled water. 
The dropper is held vertically over a clean, dry measuring cylinder, 
the bulb gently pressed and the number of drops counted until the 
meniscus reaches the 2 ml. mark. This process is repeated until 
two results are obtained which do not differ by more than two drops. 
A small label, stating the number of drops per ml., should be 
attached to the upper part of the dropper, 

(2) As a rule, when a solution is to be rendered acidic or basic, 
an indicator test paper, such as litmus, should be used. The 
indicator test paper is placed on a watch glass. The solution is 
treated with acid or base dropwise and with stirring until the wet 
stirring rod when brought into contact with a dry spot on the 
indicator paper causes the appropriate change in colour. In the 
present instance, the addition of a micro drop of phenolphthalein 
to the liquid in the tube is satisfactory. 

THE COPPER AND ARSENIC GROUP (GROUP II) 

MERCURY (IC), LEAD, BISMUTH, COPPER, 
CADMIUM, ARSENIC, ANTIMONY AND TIN 

The compounds of these elements are characterised by their precipitation 
as sulphides by hydrogen sulphide from 0*3JV hydrochloric acid solution. 
The sulphides of arsenic, antimony and tin are soluble in both ammonium 
sulphide and in potassium hydroxide solution, whilst those of the remaining 
metals are practically insoluble. It is therefore usual to sub-divide this group 
into the copper group or Group IIA, comprising mercury, lead, bismuth, 
copper and cadmium, and the arsenic group or Group IIB, comprising arsenic, 
antimony and tin. 

THE COPPER GROUP (GROUP IIA) 

Merouky, Hg 

Mercury forms two series of compounds, the mercurous and 
mercuric, which may be regarded as derived respectively from the 
oxides Hg20 and HgO. The reactions for the former have already 
been described (Section III, 3) ; those for the latter are detailed below. 

It may be mentioned that mercuric chloride is only slightly dis- 
sociated in aqueous solution. Mercuric cyanide is soluble in water 
and practically undissociated; it will give a precipitate only with 
hydrogen sulphide. 
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III, 6. REACTIONS OF THE MERCURIC ION, Hg++ 

Use a solution of mercuric chloride, HgCl 2 (highly 'poisonous). 

1. Hydrogen sulphide: irdtially a white, then yellow, 
brown and finally a black precipitate of mercuric sulphide 
HgS. In all cases, excess of hydrogen sulphide gives the black 
mercuric sulphide. The white precipitate is the chloro- 
sulphide Hg 3 S 2 Cl 2 (or HgCl 2 , 2 HgS), which is decomposed by 
hydrogen sulphide. 

SHgCla + 2 H 2 S = HgaSzCla + 4HC1; 

HgsSaClz + HgS =2HC1 + 3HgS; 

The net result is: HgClg + HgS = HgS + 2HC1 

Mercuric sulphide is practically insoluble in water, hot dilute 
nitric acid, and in solutions of alkali hydroxides and of colour- 
less ammonium sulphide. The precipitate is appreciably 
soluble in sodium sulphide solution and can be reprecipitated 
by adding ammonium chloride solution: it dissolves also in 
aqua regia and in a mixture of sodium hypochlorite solution 
and dilute hydrochloric acid. 

3HgS 2 HNO 3 + 6HC1 = 3HgCl2 -f 2NO -h 3S + 4 H 2 O 

2. Stannous Chloride Solution: a white precipitate of 
mercurous chloride HggClg is first obtained, which is reduced 
by excess of the reagent to grey-black metallic mercury. 

2 Hga 2 + SnCla = SnCl* -+• HggGla ; 

Hg 2 a 2 -F SnClg = SnCl 4 + 2Hg 

3. Sodium Hydroxide Solution: initial reddish-brown 
precipitate of basic chloride, converted by excess of alkali 
into yellow mercuric oxide. 

HgClg -F 2 NaOH = HgO -f 2NaCl -f HgO 

4. Ammonia Solution: white precipitate of amino mer- 
curic chloride (NH 2 )HgCl, known as “infusible white precipi- 
tate ” for it volatilises without melting. 

HgClg -F 2 NH 3 = HglNHgP -F NH 4 CI 

The precipitate is soluble in a large excess of aqueous ammonia 
and ammonium chloride. 

5. Potassium Iodide Solution: red (initially yellow) pre- 
cipitate of mercuric iodide Hgig, soluble in excess of the 
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precipitant owing to the formation of the complex salt, potas- 
sium mercnri-iodide K 2 [Hgl 4 ] (compare Sections 1, 19 and 1, 20). 

HgClg + 2KI = Hgig + 2KC1; 

Hgl2+2KI=K2[Hgl4] 

6. Copper: when a piece of bright copper foil, cleansed— if 
necessary — by rubbing it with emery paper or by dipping it 
into concentrated nitric acid, is immersed into the mercuric 
chloride solution, it becomes coated with a grey film of mercury, 
which acquires a silvery appearance on rubbing (see Electrode 
Potentials, Section I, 29). 

HgCla + Cu = Hg + CuClg 

7. Ethylenediamine Reagent: a dark blue- violet precipi- 
tate of the complex [Cu en 2 ] [HglJ is formed when a mercuric 
salt in neutral or faintly ammoniacal solution is treated with 
excess of 2 per cent potassium iodide solution, followed by the 
ethylenediamine reagent. 

HgCl 2 + 4KI = K^CHgl^] + 2KC1; 

K 2 [Hgl 4 ] 4- [Cu en 2 ]S 04 = [Cu eug] [Hgl 4 ] -f K 2 SO 4 

(NH 2 .CH 2 .CH 2 .NH 2 == en) 

The reaction is a sensitive one, but cadmium ions, which form 
a similar complex [Cu en 2 ] [Cdl 4 ], interfere. 

The reagent is prepared by treating a solution of cupric sulphate 
with an aqueous solution of ethylenediamine (5-6 times the theo- 
retical quantity) until the dark blue- violet coloration, due to the 
[Cuen 2 ]'^+ ion, appears and does not increase in intensity upon 
further addition of the base. The presence of excess of the latter 
in the reagent has no harmful influence. 

Stannous Chloride-Aniline Test.— Mercuric salts are reduced 
to grey or black metallic mercury. The aniline adjusts the pH of the 
medium so that the similar reaction of Sb + + + does not occur. Large 
amounts of Ag interfere as do Au and Mo: Bi and Cu are without effect. 

Treat a drop of the test solution upon drop reaction paper or upon a 
spot plate with a drop of the stannous chloride solution and a drop of 
aniline. A brown or black stain of Hg is produced. 

Sensitivity: l/tg. Hg. Concentration limit: 1 in 50,000. 

The reagent consists of a 6 per cent solution of stannous chloride in 
I OJV hydrochloric acid. 

fP. Diphenylcarbazone Reagent 

/ vN=:N.CeH, \ 

v\nh.nh.c.hJ' 
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blue to violet inner complex salt. The sensitivity of the test depends 
upon the pH of the solution, decreasing with increasing acidity. In 
0-2iV nitric acid, the test is highly selective provided chromates and 
molybdates (which give coloured compounds) are absent. Chromates 
may be reduced with sulphurous acid or with hydrogen peroxide to 
non-reacting chromic salts: molybdates may be rendered inactive by 
adding 5 per cent oxalic acid solution when a Mo-oxalic acid complex 
is produced. 

Place a drop of the test solution and a drop of 0*2iV nitric acid upon 
di’op reaction paper, which has been moistened with the reagent. A 
violet or blue coloration appears. 

Sensitivity: 1 p-g. Hg, Concentration limit : 1 in 60,000. 

The reagent consists of a 1 per cent solution of diphenylcarbazone 
in 90-100 per cent ethyl alcohol. 

fiC?. Cobalt Acetate-Ammonium Thiocyanate Reagent. — When 
a solution of a mercuric salt is treated with a concentrated solution of 
cobalt acetate and a little solid ammonium thiocyanate, a deep- blue 
crystalline precipitate of cobaltous mercuri-thiocyanate Co[Hg(CNS)4] 
is formed. Crystallisation is sometimes slow, but may be accelerated 
by scratching the interior of the vessel with a glass rod. 

Place a drop of the test solution on a spot plate, add a small crystal 
of ammonium thiocyanate followed by a little solid cobalt acetate. A 
blue colour is produced. 

Sensitivity; 0*6 /xg. Hg. Concentration limit: 1 in 100,000. 

Dry Test 

All compounds of mercury when heated with a large excess 
(7-8 times the bulk) of anhydrous sodium carbonate in a small 
dry test-tube yield a grey mirror, consisting of fine drops of 
mercury, in the upper part of the tube. The globules coalesce 
when they are rubbed with a glass rod. 

Note . — ^Mercury vapour is extremely poisonous, and not more 
than 0*1 gram of the substance should be used in the test. 

Bismuth, Bi 

Bismuth is a brittle, crystalline and reddish-white metal. It is 
insoluble in hydrochloric acid, but dissolves in hot concentrated 
sulphuric acid and in aqua regia. The best solvent is nitric acid. 

2Bi -f 6H2SO4 = Bi2(S04)3 + 6H2O -I- 3SO2 
2Bi -f 8HNO3 = 2Bi(N03)3 + + 2NO 

The salts of bismuth may be regarded as derived from the sesqui- 
oxide BigOs. The hydroxide Bi(OH)3 is a weak base; the salts are 
accordingly hydrolysed by much water (see Hydrolysis of Salts, 
Section I, 40) yielding insoluble basic (usually bismuthyl, i.e. con- 
taining the radical BiO— ) salts. 

BiClg -f HgO ^ BiOCl + 2HC1 
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III, 7. REACTIONS OF THE BISMUTH ION, Bi+++ 

Use a solution of bismuth nitrate, Bi(N03)3,5H20, to which 
just sufficient nitric acid has been added to produce a clear 
solution. 

1 . Hydrogen Sulphide : brown precipitate of bismuth 
sulphide Bi2S3, insoluble in cold dilute acids and in ammonium 
sulphide solution, but soluble in hot dilute nitric acid and in 
boiling concentrated hydrochloric acid. 

2Bi(N03)3 + 3H2S - BigSs 4- 6HNO3 

2. Sodium Hydroxide Solution: white precipitate of bis- 
muth hydroxide Bi(OH)3 in the cold, very slightly soluble in 
excess of the reagent (2-3 mg. Bi in 100 ml. N NaOH solution), 
soluble in acids. It becomes yellow on boiling, due to partial 
dehydration. 

Bi(N03)3 + 3NaOH == Bi(OH)3 + SNaNOg 
Bi(0H)3 = Bi0.0H+H20 

If hydrogen peroxide be added to the solution containing the 
white or yellowish-white precipitate in suspension, brown bis- 
muthic acid HBiOs is formed: 

BiO.OH 4- H2O2 = HBiOs 4- HgO 

3. Ammonia Solution: a white basic salt, of variable 
composition, is precipitated. The precipitate is insoluble in 
excess of the reagent (distinction from copper and cadmium). 

4. Potassium Iodide Solution: dark brown precipitate of 
bismuth tri-iodide, readily soluble in excess of the reagent to 
give a yellow solution of the complex salt K[Bil4]. The com 
plex is decomposed upon dilution giving first a precipitate of 
the tri-iodide and then an orange-coloured precipitate of the 
basic bismuthyl iodide (BiO)I. 

Bi(N03)3 4- SKA = Bil3 -f 3KNO3 ; 

Bila 4- KI = K[Bil4] ; 

Bil3 4"H20^2Hl4'(Bi0)I 

5 . Sodium Stannite Solution: black precipitate of finely 
divided bismuth in the cold. The reagent is prepared by 
adding sodium hydroxide solution to a solution of stannous 
chloride until the initial white precipitate of stannous hydrox- 
ide just dissolves. 

Sn(OH)2 -b 2NaOH === Na2[Sn02] 4- 2H20,‘ 

2Bi(N03)3 4- 6NaOH 4- 3Na2[Sn02] 

^ 2Bi 4 3Na2[Sn03] -f- fiNaNOg 4 m^O 
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f The test is rendered more sensitive by making use of the fact that 
the slow reaction between lead hydroxide or sodium plumbite and 
sodium stannite is greatly accelerated by the separation of even minute 
quantities of bismuth: 

Pb(OH)2 + NaaLSnOg] = Pb + Na 2 [Sn 03 ] + H^O 

Silver, copper and mercury interfere: copper is rendered innocuous by 
the addition of a little potassium cyanide. 

On a spot plate, mix a drop of the test solution, a drop of saturated 
lead chloride solution, a drop of 5 per cent potassium cyanide solution 
and 2 drops of sodium stannite solution. A brown to black coloration 
appears. 

Sensitivity: 0*01 jUg. Bi. Concentration limit: 1 in 5,000,000. 

The sodium stannite reagent is prepared by mixing just before 
use equal volumes of the two solutions a and 6: (a) a solution of 0-5 g. 
of stannous chloride in 0*5 ml. of concentrated hydrochloric acid, 
diluted to 10 ml. with distilled water ; (5) 25 per cent sodium hydroxide 
solution. 

6 . Water. When a solution of a bismuth salt is poured 
into a large volume of water, a white precipitate of the cor- 
responding basic salt is produced, which is soluble in dilute 
mineral acids, but is insoluble in a solution of tartaric acid 
(distinction from antimony) and in solutions of alkali hydrox- 
ides (distinction from tin). 

Bi(N03)a + H2O (BiO)]Sr03 + 2HNO3; 

2Bi(N03)3 + 3H2O ^ (Bi0)2(0H)N03 + SHNOg (very 
large excess of water) ; 

Bids + H2O ^ (BiO)Cl + 2 HC 1 

7 . Pyrogallol Reagent { 1 : 3 : 5 -trihydroxy benzene, 
C6H5(0H)3}: the addition of a slight excess of a concentrated 
solution of the reagent to a hot solution of a bismuth salt 
faintly acid with dilute hydrochloric acid or nitric acid, yields 
a yellow precipitate of the complex Bi(CeH303). It is best to 
add ammonia solution until the solution is alkaline to litmus 
paper and then dilute nitric acid until Just acid. The test is a 
very sensitive one. Antimony interferes and should be absent. 

The reagent is prepared as required: a suitable concentration is 
0*5 gram of pyrogallol in 5 ml. of water. 

S. Sodium Phosphate or Sodium Arsenate Solution: 
white crystalline precipitate of BiP04 or BiAs04, sparingly 
soluble in dilute mineral acids (distmction from mercuric, lead, 
copper and cadmium salts). 
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f Cinchonine-Potassium Iodide Reagent ; orange-red colora- 
tion or precipitate, due to bismuth-cinchonine iodide (Bilg, cinchonine, 
HI), in faintly acid solution. 

Moisten a piece of drop-reaction paper with the reagent and place a 
drop of the slightly acid test solution upon it. An orange-red spot is 
obtained. 

Sensitivity: 0*15 jag, Bi. Concentration limit: 1 in 350,000. 

The test may also be carried out on a spot plate. 

Lead, copper and mercury salts interfere because they react with the 
iodide. Nevertheless, bismuth may be detected in the presence of salts 
of these metals as they diffuse at different rates through the capillaries 
of the paper, and are fixed in distinct zones, When a drop of the test 
solution containing bismuth, lead, copper and mercury ions is placed 
upon absorbent paper impregnated with the reagent, four zones can be 
observed: (i) a white central ring, containing the mercury; (ii) an orange 
ring, due to bismuth; (iii) a yellow ring of lead iodide; and (iv) a brown 
ring of iodine liberated by the reaction with copper. The thicknesses 
of the rings will depend upon the relative concentrations of the various 
metals. 

Sensitivity: 10-15 ju,g. Bi. 

The reagent is prepared by dissolving 1 g. of cmchonine in 100 ml. 
of hot water containing a few drops of nitric acid; after cooling, 2 g. of 
potassium iodide are added. 

Thiourea Reagent (NHg.CS.NHa): intense yellow coloration 
in the presence of dilute nitric acid. The test may be carried out on 
drop -reaction paper, on a spot plate, or in a micro test-tube. 

Sensitivity: 6 jag. Bi. Concentration limit: 1 in 30,000. 

Mercurous mercury, silver, antimony, ferric iron and chromates inter- 
fere and should therefore be absent. 

The reagent consists of a 10 per cent aqueous solution of thiourea. 

Dry Test 

Blowpipe test,— When a bismuth compound is heated on 
charcoal with sodium carbonate in the blowpipe flame, a brittle 
bead of metal, surrounded by a yellow incrustation of the 
oxide, is obtained. 

COPBEE, Cu 

Copper is a hght red metal, which is soft, malleable and ductile. 
It is unaflected by hydrochloric acid and by dilute sulphuric acid, 
but is readily attacked by dilute nitric acid and by warm concen- 
trated sulphuric acid: 

3Cu + SHNOg = 3 Cu(N08)2 + 4HgO + 2NO; 

Cu + 2H2SO4 = CuSO^ -f- SO2 + 2H2O 

Some cuprous sulphide CU2S is also formed probably in accordance 
with the equation, 

6Cu 4- 6H3SO4 = 4 :CuS 04 + CuaS + SO, -f 6H2O 
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There are two series of copper compounds: those which may be 
regarded as derived from cuprous oxide CU2O (red), known as 
cuprous compounds and containing the ion Cu+, and those similarly 
derived from cupric oxide CuO (black), known as the cupric com- 
pounds and giving rise to the ion Cu++. The cuprous compounds, 
e,g. CuCl, are colourless, insoluble in water and comparatively un- 
stable, being readily oxidised to the cupric compounds ; they dissolve 
readily in concentrated solutions of halogen acids, forming colourless 
solutions which contain complex acids, such as H[CuCl2]. Cupric 
salts, when dissolved in water, yield blue or green solutions ; the 
anhydrous salts are white or yellow. 

Ill, 8. REACTIONS OF THE CUPRIC ION, Cu++ 

Use a solution of cupric sulphate, CuS04,5H20. (Aqueous 
solutions of cupric salts are blue, due to the ion [Cu(H20)4] + + ; 
the latter is usually written as Cu++.) 

1 . Hydrogen Sulphide: a black precipitate of cupric sul- 
phide CuS is obtained in neutral or preferably acid (HCl) 
solutions. The precipitate is soluble in hot dilute nitric acid 
and in potassium cyanide solution; in the latter case a complex 
salt, potassium cupro-cyanide K3[Cu(CN)4] is formed. Cupric 
sulphide is insoluble in boiling dilute sulphuric acid (distinction 
from cadmium); it is also insoluble in potassium hydroxide 
solution, in alkali monosulphide solution and very slightly 
soluble in alkali polysulphide solution. 

CUSO4 + H2S = CuS + H2SO4 
3 CuS + 8HNO3 = 3 Cu(N03)2 + 4H2O + 2 NO + 3 S 

Cupric sulphide tends to form a colloidal solution and pass through filter 
paper. This is avoided by carrying out the precipitation in the presence of 
hydrochloric acid or some other electrolyte. It also tends to oxidise to the 
soluble sulphate when exposed to the air in the moist state; this is prevented 
by washing the precipitate with acidulated hydrogen sulphide water. 

2 . Sodium Hydroxide Solution: blue precipitate of cupric 
hydroxide Cu(OH) 2, insoluble in moderate excess of the re- 
agent, and converted on boiling into black cupric oxide. 

CUSO4 + 2 NaOH = Cu(OH) 2 + Na2S04 
Cu(OH) 2 = CuO H2G 

In the presence of a solution of tartaric acid or of citric acid, cupric hydroxide 
is not precipitated by solutions of caustic alkalis, but the solution is coloured 
an intense blue. If the alkaline solution is treated with certain reducing 
agents, such as hydroxylamine, hydrazine, glucose and acetaldehyde, yellow 
cuprous hydroxide is precipitated from the warm solution, which is converted 
into red cuprous oxide CugO on boiling. The alkaline solution of cupric salt 
containing tartaric acid is usually known as JS'ehling's solution; it contains the 
complex salt Na2[(OOC.CHO)2Cu]. 

g 
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3. Ammonia Solution: pale blue precipitate of basic salt, 
soluble in excess of the precipitant with the formation of a deep 
blue solution containing the complex salt, tetra-ammine cupric 
sulphate [Cu(NH3)4]S04. 

2CiiS04 + 2NH3 + 2H2O - CuS04,Gu(0H)2 + (^4)2804; 
CiiS04,Cu(0H)2 + (NH4)2S04 + 6NH3 = 2[Gii(NH3)4]S04 + 2H2O 

i. Potassium Ferrocyanide Solution: reddish-brown pre- 
cipitate of cupric ferrocyanide Cu2[Fe(CN)6] from neutral or 
acid solutions. It is insoluble in dilute acids, but dissolves in 
aqueous ammonia forming a blue solution. The precipitate is 
decomposed by solutions of alkali hydroxides with the separa- 
tion of blue cupric hydroxide. 

2Cug04 + K4[Fe(CISr)6] = Cu2[Fe(GN)6] + 2K2SO4 

5. Potassium Cyanide Solution {highly poisonous)i yellow 
precipitate of cupric cyanide Cu(CN)2, which quickly decom- 
poses into cuprous cyanide CuCN and cyanogen (CN)2. The 
cuprous cyanide dissolves in excess of the reagent forming a 
colourless solution of a complex salt, potassium cuprocyanide 
K3 [Cu( 0N)4], in which the concentration of copper ions is so 
small that it is insufficient to give a precipitate with hydrogen 
sulphide (distinction from cadmium) (for detailed explanation 
see Complex Ions, Section I, 20). 

2CUSO4 + 4 KCN = 2Cu(CN)2 + 2E:2S04 ; 

2 Cu(CN )2 = (CN)2 + 2CuGN 
CuCN + 3 KCN = K3[Cu(GN)4] 

6. Potassium Iodide Solution: cupric iodide Cul2 is first 
precipitated; this immediately decomposes into white cuprous 
iodide Cul and free iodine. The latter dissolves in the excess 
of the potassium iodide solution and colours the solution 
brown. 

CUSO4 + 2KI == Culg + K2SO4 
2Cul2 = 2GuI + I2; 

or CUSO4 -f 4K:I = 2K2SO4 + 2CuI + I2 

7. Potassium or Ammonium Thiocyanate Solution: 
black precipitate of cupric thiocyanate Cu(SCN)2, which passes 
slowly, or immediately upon adding sulphurous acid solution, 
into white cuprous thiocyanate CuSCN. The latter is in- 
soluble in water and in dilute sulphuric and hydrochloric acids. 

CUSO4 + 2NH48CN = Cu(SCN)2 + (NH4)2S04 

2Cu{SCN)2 + H2SO3 + H2O == 2CuSCN + 2HSCN + H2SO4 
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5. Iron. If a clean iron nail or the blade of a pen-knife is 
immersed in a solution of a cupric salt, a red deposit of copper 
is obtained (see Electrode Potentials, Section I, 29): 

CUSO4 + Ee = PeS04 + Cu 

oc-Benzoin Oxime (or Gupron) Reagent 

{ CeB's . CHOH . C( = NOH) . CfiHs } : 

green precipitate of copper benzoin oxime Cu(Ci 4 Hii 02 N), insoluble in 
dilute ammonia solution. In the presence of metallic salts which are 
precipitated by ammonia solution, their precipitation can be prevented 
by the addition of sodium potassium tartrate. The reagent is specific 
for copper in ammoniacal tartrate solution. Large amounts of am- 
monium salts interfere and should be removed by evaporation and 
heating to glowing; the residue is then dissolved in a little dilute 
hydrochloric acid. 

Treat some drop -reaction paper with a drop of the weakly acid test 
solution and a drop of the reagent, and then hold it over ammonia 
vapour. A green coloration is obtained. 

Sensitivity: 0*1 ^g. Cu. Concentration limit: 1 in 500,000. 

If other ions, precipitable by ammonia solution, are present, a drop of 
10 per cent Rochelle salt solution is placed upon the paper before the 
reagent is added. 

The reagent is prepared by dissolving 5 g. of oc-benzoin oxime in 
100 ml. of 95 per cent alcohol. 

Salicylaldoxime Reagent 



greenish-yellow precipitate of copper salicylaldoxime Cu(C 7 HQ 02 lSr )2 in 
acetic acid solution, soluble in mineral acids. Only palladium and gold 
give precipitates {Pd(C 7 H 602 N) 2 and metallic gold respectively } in acetic 
acid solution and should therefore be absent. 

Place a drop of the test solution, which has been neutralised and then 
acidified with acetic acid, in a micro test-tube and add a drop of the 
reagent. A yellow-green precipitate or opalescence (according to the 
amount of copper present) is obtained. 

Sensitivity: 0*5 /x-g. Cu. Concentration limit: 1 in 100,000. 

The reagent is prepared by dissolving 1 g. of salicylaldoxime in 
5 ml. of cold alcohol and pouring the solution dropwise into 95 ml. of 
water at a temperature not exceeding 80 ; the mixture is shaken until 

clear, and filtered if necessary. 

fii. Rubeanic Acid (or Bithio-oxamide) Reagent 

II II : 

\ S S / 

black precipitate of copper rubeanate Cu{C(= NH) 8)2 from ammo- 
niaeal or weakly acid solution. The precipitate is formed in the 
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presence of alkali tartrates, but not in alkali-cyanide solutions. Only 
nickel and cobalt ions react under similar conditions yielding blue and 
brown precipitates respectively. Copper may, however, be detected 
in the presence of these elements by utilising the capillary separation 
rmthod upon filter paper. Mercurous mercury should be absent as it 
gives a black stain with ammonia. 

Place a drop of the neutral test solution upon drop -reaction paper, 
expose it to ammonia vapour and add a drop of the reagent. A black 
or greenish-black spot is produced. 

Sensitivity: 0-01 /Ag. Cu. Concentration limit: 1 in 2,500,000. 

Traces of copper in distilled water give a positive reaction, hence a 
blank test must be carried out with the distilled water. 

In the presence of nickel, proceed as follows. Impregnate drop 
reaction paper with the reagent and add a drop of the test solution 
acidified with acetic acid. Two zones or circles are formed: the central 
olive green or black ring is due to copper and the outer blue- violet ring 
to nickel. 

Sensitivity : 0*05 fxg. Cu in the presence of 20,000 times amount of Ni. 

Concentration limit: 1 in 1,000,000. 

In the presence of cobalt, the central green or black ring, due to 
copper, is surrounded by a yellow-brown ring of cobalt rubeanate. 

Sensitivity : 0*25 /xg. Cu in the presence of 2,000 times amount of Co. 

Concentration limit: 1 in 200,000. 

The reagent consists of a 0-5 per cent solution of rubeanio acid in 
95 per cent ethyl alcohol. It does not keep well and should be prepared 
as required. 

ti2. Ammonium Mercuri-tbiocyanate Reagent 

deep violet, crystalline precipitate in the presence of zinc or cadmium 
ions. Cobalt and nickel interfere since they yield green or blue pre- 
cipitates of the corresponding mercuri-thiocyanates X[Hg(SC]Sr)J; the 
interference of ferric iron is avoided by carrying out the precipitation 
in the presence of alkali fluorides or oxalates. 

Place a drop of the acid test solution upon a spot plate, add 1 drop of 
1 per cent zmc acetate solution and 1 drop of the reagent. The precipi- 
tated zinc mercuri-thiocyanate is coloured violet due to coprecipitation 
of the copper complex: it may be regarded as Zn[Hg(SCN’)4 -j- 
Cu[Hg(SCN)4]. 

Sensitivity: 0-1 pg. Cu. Concentration limit: 1 in 500,000. 

(The addition of copper ions to a precipitate of zinc mercuri-thiocyanate, 
already formed, has no influence.) 

The reagent is prepared by dissolving 9 g. of ammonium thiocyanate 
and 8 g. of mercuric chloride in 100 mi. of water. 

tl5. Catalytic Effect upon the Ferric Iron-Thiosulphate Re- 
action. — ^Ferric salts react with thiosulphates in accordance with the 
equations: 

Fe + + + -f 2S2O3 = [Fe(S203)2F (violet complex ion) (i) 

[Fe(S208)ar + = 2Fe + + -f (ii) 
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Reaction (i) is fairly rapid; reaction (ii) is a slow one, but is enormously 
accelerated by traces of copper salts. If the reaction is carried out in 
the presence of a thiocyanate, which serves as an indicator for the 
presence of ferric iron and also retards reaction (ii), then the reaction 
velocity, which is proportional to the time taken for complete decolorisa- 
tion, may be employed for detecting minute amounts of cupric ions. 
Tungsten and, to a lesser extent, selenium cause a catalytic acceleration 
similar to that of copper: they should therefore be absent. 

Upon adjacent cavities of a spot plate place a drop of the test solution 
and a drop of distilled water. Add to each 1 drop of the ferric thio- 
cyanate reagent and 3 drops of O-liV-sodium thiosulphate solution. The 
decolorisation of the copper-free solution is complete in T5-2 minutes: 
if the test solution contains 1 fig. of copper, the decolorisation is 
instantaneous. For smaller amounts of copper, the di:Eerence in times 
between the two tests is still appreciable. 

Sensitivity: 0*02 fig. Cu. Concentration limit: 1 in 2,500,000. 

The ‘‘ferric thiocyanate” reagent is prepared by dissolving 1*5 g. 
of ferric chloride and 2*0 g. of potassium thiocyanate in 100 ml. of water. 

Dry Tests 

(i) Blowpipe test , — When copper compounds are heated with 
alkali carbonate upon charcoal, red metallic copper is obtained, 
but no oxide is visible. 

(ii) Borax bead . — Green while hot and blue when cold after 
heating in the oxidising flame ; red in the reducing flame, best 
obtained by the addition of a trace of tin or by moistening with 
stannous chloride solution. 

(iii) Flame test . — Green especially in the presence of halides, 
e.g. by moistening with concentrated hydrochloric acid before 
heating. 

Cadmium, Cd 

Cadmium is a silver- white, malleable and ductile metal. It dis- 
solves slowly in dilute hydrochloric and sulphuric acids with the 
evolution of hydrogen. The best solvent for the metal is nitric acid. 
Only one series of salts, derived from the oxide CdO, is of importance 
n qualitative analysis. 

Ill, 9. REACTIONS OF THE CADMIUM ION, Cd++ 

Use a solution of cadmium sulphate, 30dS04,8H20. 

1. Hydrogen Sulphide: yellow precipitate of cadmium 
sulphide CdS from solutions acidified with a little hydrochloric 
acid (strength approximately 0*3 molar). The precipitate is 
soluble in hot dilute nitric acid and also in hot dilute sulphuric 
acid (distinction from copper), but is insoluble in potassium 
cyanide solution (difference from copper). No precipitation 
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takes place in strongly acid solutions owing to the reversibility 
of the reaction: 

CdSO^ + H2S CdS + H2SO4 

(for a detailed discussion of the reaction see Section I, 16). 

2. Sodiujn Hydroxide Solution: white precipitate of cad- 
mium hydroxide Cd(OH)2, insoluble in excess of the reagent. 

CdSO^ + 2NaOH = Cd(OH)2 + Na2S04 

3. Ammonia Solution: white precipitate of cadmium hy- 
droxide, soluble in excess of the precipitant (distinction from 
lead and bismuth); the soluble complex salt, tetra-ammine 
cadmium sulphate [Cd(NH3)4]S04, is formed (see Complex 
Ions, Section I, 20). 

CdS04 -f 2NH3 + 2H2O = Cd(OH)2 + (NH4)2S04 ; 
Cd(OH)2 + (NH4)2S04 + 2NH3 - [Cd(NH3)4]S04 + 2H2O 

4 . Potassium Cyanide Solution: white precipitate of 
cadmium cyanide Cd(CN)2, soluble in excess of the reagent to 
yield the complex, potassium cadmi-cyanide K2[Cd(CN)4]. A 
sufficiently high concentration of cadmium ions is produced by 
the dissociation of the complex ion to give a precipitate of 
yellow cadmium sulphide with hydrogen sulphide. 

CdS04 + 2KCN = Cd(CN)2 + K2SO4; 

Cd(CN)2 -f 2KCN = K2[Cd(CN)4]; 

K2[Cd(CN)4] + HgS = CdS + 2KCN 2HCN 

The marked difference Jn the values instability constants of the 

complex ions [Cd(CN)J”'” and [Cu(CN) 4 ]"‘ serves as the basis for one of 
the methods for the separation of copper and cadmium (for discussion, see 
Section I, 20). 

5 . Ammonium Thiocyanate Solution: no precipitate 
(distinction from copper). 

fd. Dinitro-p-diphenylcarbazide Reagent 

^NH.hrH.C6H4.N02(4)\ 

\NH.ira.CeH4.N02(4) / ' 

Cadmium hydroxide is coloured brown by the reagent, which rapidly 
becomes greenish-blue with formaldehyde. 

Place a drop of the acid, neutral or ammoniacal test solution on a 
spot plate and mix it with 1 drop of 10 per cent sodium hydroxide 
solution and 1 drop of 10 per cent potassium cyanide solution. Intro ^ 
duce 1 drop of the reagent and 2 drops of 40 per cent formaldehyde 
solution, A brown precipitate is formed, which very rapidly becomes 
greenish -blue. The reagent alone is red in alkaline solution and is 
coloured violet with formaldehyde, hence it is advisable to compare the 
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colour produced in a blank test with pure water when searching for 
minute amoimts of oadnaiuni. 

Sensitivity: 0*8 /xg, Cd. Concentration limit: 1 in 60,000, 

In the presence of considerable amounts of copper, 3 drops each of the 
potassium cyanide and formaldehyde solution should be used; the 
sensitivity is 4 /xg. Cd in the presence of 400 times the amount of Cu. 

The reagent consists of a 0* 1 per cent solution of dinitro-p -diphenyl - 
carbazide in alcohol. 

f/, 4-Nitroiiaphthalene-diazoamino-azobenzene (“Gadion 2B”) 
Reagent 



Cadmium hydroxide forms a red-coloured lake with the reagent, which 
contrasts with the blue tint of the latter. 

Place a drop of the reagent upon drop reaction paper, add one drop 
of the test solution (which should be slightly acidified with acetic acid 
containing a little sodium potassium tartrate), and then one drop of 
2^ potassium hydroxide. A bright pink spot, surrounded by a blue 
circle, is produced. 

Sensitivity: 0*025 /xg. Cd. 

The interference of Cu, Ni, Co, Fe, Cr and Mg is prevented by adding 
sodium potassium tartrate to the test solution: only Ag (removed as Agl 
by the addition of a little KI solution) and Hg then interfere. Mercury 
is best removed by adding a little sodium potassium tartrate, a few 
crystals of hydroxylamine hydrochloride, followed by KOH solution 
until alkaline ; the mercury is precipitated as metal. Stannous chloride 
is not suitable for this reduction since most of the cadmium is adsorbed 
on the mercury precipitate. 

The reagent is prepared by dissolving 0-02 g. of “cadion 2B*’ in 
100 ml. of ethyl alcohol to which 1 ml. of 2iV'-KOH is added. The 
solution must not be warmed. It is destroyed by mineral acid. 

Dry Tests 

Blowpipe test— Ml cadmium compounds when heated with 
alkali earbonate on charcoal give a brown incrustation of 
cadmium oxide CdO. 

Ignition tot— Cadmium salts are reduced by sodium oxalate 
to elementary cadmium, which is usually obtained as a metallic 
mirror surrounded by a little brown cadmium oxide. 
heating with sulphur, the metal is converted into yellow cad- 
mium sulphide. 

Place a little of the cadmium salt mixed with an equal weight 
of sodium oxalate in a small ignition tube, and heat. A mirror 
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of metaUic cadmiiim witk brown edges is produced. Allow 
to cool, add a little flowers of sulphur and heat again. The 
metallic mirror is gradually converted into the orange-coloured 
sulphide, which becomes yellow after cooling. Do not confuse 
this with the yellow sublimate of sulphur. 

DETECTION AND SEPABATION OE THE METALS IN THE COPPER 
GROUP (GROUP ha) 

The foregoing reactions of the metals of the copper group furnish 
the facts upon which the table of separation is based (Tables II 
or IIA). The student should use the test solution provided, or else 
prepare a solution of the chlorides of the metals and work through 
the table. The sulphides of the metals of this group, and also those 
of arsenic, antimony and tin (Group IIB), are precipitated by hydro- 
gen sulphide in the presence of dilute hydrochloric acid. The 
reactions of the Group IIB metals will be studied later, but for the 
present it will suffice to state that the sulphides of the Group IIA 
metals are best separated from those of Group IIB by the solubility 
of the latter in warm yellow ammonium sulphide solution or in 
hot 2N potassium hydroxide solution. 



[Tables, pp. 233—235. 
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III, 10. Table 11. Analysis of the Copper Group 

(Group IIA) 


The ppt. obtained with HaS in the presence of dilute HCl (ca. O-SiV) 
may contain the sulphides HgS, PbS, BigSg, CiiS, CdS and also SnS, SnSa, 
SbgSg and AS2S3. (T) Pierce the point of the filter with a small glass rod, 
wash the ppt. into a beaker with a small quantity of water. Add 5 ml. 
of yellow ammonium sulphide solution, heat to 50-60° for 2~~3 minutes, 
and filter. Wash the residue with a little dilute (1 ; 100) (]SrH4)2Sx solution. 


Residue. May contain HgS, PbS, BigSs, CdS and 
CuS. Transfer the ppt. to a beaker or porcelain basin, 
add ca, 5 ml, of dilute HHOa, ^ minutes, 

filter and wash with a little water. 

Residue, Filtrate. May contain PbCNO,)™, 

Black: HgS. Bi(N03)3, and Cd(m,),, 

Warm the ppt. Test a small portion for Pb by adding 
with cone. HCl, dilute H2SO4 and alcohol; a white ppt. 
add bromine indicates Pb. If Pb is present, add dilute 
water dropwise H2SO4 and concentrate in the fume 
until most or chamber until thick white fumes 
all of ppt. dis- appear. Cool, dilute with 10 ml. of 
solves. Boil off water, and filter. Wash with a little 


Filtrate. May 
contain metals 
of Group IIB. 
(See Table 

in.) 


any excess 
of bromine. 
Filter if neces- 
sary, dilute 
with an equal 
volume of 
water, and add 
SnClg solution. 
White ppt., 
turning grey or 
black. 

Hg present. 
Alternatively, 
dissolve the 
ppt. in HaOCl- 
HCl, e^c., as 
detailed in 
Table IIA. 


cold water. 

Residue. 
White; PbS04. 
Pass 2 ml. of 
ammonium 
acetate solution 
through the 
filter several 
times. Treat 
filtrate with a 
few drops of 
dilute acetic 
acid and then 
withK 2 Cr 04 
solution. I 

Yellow ppt, of i 
PbCr 04 . ! 

Pb present. 


Filtrate. May contain Bi+++, 
Cu++ and Cd++. Add NH3 
solution in excess, and filter. 


Residue. 
White: Bi(OH)3. 
Wash well, pour 
sodium stannite 
solution on 
filter. Blacken- 
ing of ppt. 

Bi present. 

Alternatively, 
dissolve the 
white ppt. in 
dilute HJSfOg 
or in dilute HCl, 
and add a little 
thiourea solu- 
tion. 

YeUow 

coloration. 

Bi present. 


Filtrate. May 
contain 
[Cu(NH3)J++ 
and 

[Cd{NH3)4]++. 

If colourless, Cu 
is absent; test 
then directly for 
Cd with HgS 
(see below). If 
blue, Gu pre- 
sent. 

Divide the solu- 
tion into two 
unequal parts. 
Smaller ^portion 
(1). Add 

solution and 
acetic acid. 
Reddish-brown 

ppt. 

Gu present. 
Larger portion. 
Add KCN solu- 
tion dropwise 
until solution is 
decolorised. 

Pass HaS for 
10-20 seconds. 
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111,10. Table IIA. Analysis of the Copper Group 

(Group IIA) 


The ppt. obtained with H^S in the presence of dilute HCi (ca. O^SN) 
may contain the sulphides HgS, PbS, BigSg, CuS, CdS and also AsgSg, 
SbgSg and SnSg (!)• (T) Pierce the point of the filter with a small glass 

rod, wash the ppt, into a beaker with a small quantity of water. Add 
10 ml. of 2JV-potassium hydroxide and boil with constant stirring iot 
minutes {GA UTION: see Note 2). Add 2 ml. of freshly -prepared saturated 
HgS water: stir and filter (preferably through a double filter). Wash the 
residue twice with a little water and collect the washings witla the filtrate. 


Residue. May contain HgS, PbS, BigSg, CdS and 
CuS. Transfer the ppt. to a small beaker or porcelain 
basin, add ca. 5 ml. of dilute HNOg, boil gently for a few 
minutes, filter and wash with a little water. 


Residue. 
Black: HgS. 
Dissolve in a 
mixture of 2*5 
ml. of 10% 
HaOCl solution 
and 0*5 ml, of 
dilute HCI, 
Add 1 ml. of 
dilute HCI, 
boil off excess 
of Clg and cool. 
Add SnClg 
solution. 

White ppt. 
turning grey or 
black. 

Hg (ic) 
present. 


Filtrate. May contain Pb(NOg) 2 , j 
Bi(lSr 03 ) 3 , Cu{N 03)2 and Cd(NOsh- ' 
Add excess of concentrated NHg solu- 
tion until precipitation is complete. 
Filter. 


Filtrate, 
May contain 
metals of 
Group IIB, 
(See Table 
III, Section 
ni, 18 .) 


Residue. May contain 
Bi(OH )3 and Pb(OH)g. Warm 
with 5 ml. of NaOH solution 
and filter. 

Residue. May 

Filtrate. 

beBi(OH)3. 

May con- 

Wash with a 

tain sodium 

little water. Pour 

plumbite 

sodium stannite 

NagEPbOg], 

solution over 

Acidify 

filter. 

with dilute 

Blackening of 

acetic acid 

ppt. 

and add 

Bi present. 

KgCrO^ 

Alternatively, 

solution. 

dissolve a little 

Yellow ppt. 

of the ppt. in 2-3 

of PbCrO^. 

drops of dilute 
HlSTOg; place 1 
drop oif this solu- 
tion upon filter 
paper moistened 
with cinchonine- 
potassium iodide 
reagent. 

Orange-red spot. 

Bi present. 

Pb present. 


Filtrate. May con- 
tain [Cu(NH 3 ) 4 ]++ 
and [Cd(NH 3 ) 4 ]++. 
If colourless, Cu is 
absent ; test then 
directly for Cd by 
passing HgS for Ifi- 
20 seconds into the 
ammoniacal solu- 
tion. 

Yellow ppt. of CdS. 

Cd present. 

If blue, Gu pre- 
sent. Divide the 
solution into two 
unequal parts. 
Smaller portion. 
Acidify with dilute 
acetic acid and add 
K 4 [Fe(CN) 3 ] solu- 
tion. 

Beddish-brown ppt. 

Gu present (3). 
Larger portion. Add 
KCN solution dr op- 
wise until solution 
is decolourised. Pass 
HgS for 10-20 
seconds. 

Immediate yellow 
ppt. of CdS, 

Gd present (4). 


Notes to Table IIA on page 236. 
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III, 10. Table SMIIA. Analysis of the Copper Group 

(Group IIA) 


The ppt. obtained with H^S in the presence of dilute HCl (ca. O-SJV) 
may contain the sulphides HgS, PbS, BigSg, CuS and CdS, and also As^Sg, 
SbsSa and SnSg (1). Treat the ppt, with 1-5 ml. of 2N KOH solution, 
and heat in a boiling water bath for 3 minutes with occasional stirring 
(CAUTION : see Note 2). Add 4 drops of freshly -prepared saturated 
HaS water ; stir and centrifuge. 


Residue. May contain HgS, PbS, BigSg, CuS and 
CdS. Wash the residue once with 0-5 ml. of water and 
combine the washings with the first centrifugate. Treat 
the ppt. with 1-1'5 ml. of dilute HNOg: place in a boiling 
water bath, and heat for 2-3 minutes with stirring. 
Centrifuge. 


Residue. 
Black: HgS. 
Wash with 0*5 
ml. of water 
and discard the 
washings. 

Treat the ppt. 
with 5 drops 
of 10% NaOCl 
solution and 1 
drop of dilute 
HCl. Heaton 
the water bath 
for 1 minute. 
To the clear 
solution, add 
1-2 drops of 
SnCla solution. 
White ppt., 
turning grey or 
black. 


Centrifugate. May contain 
PbCNOa)^, Cu{NO,), and 

CdlNOaia. Add excess of concentrated 
NHa solution, and centrifuge. 


Centrifugate. 
May contain 
metals of 
Group HB. 

(See Table 
SMIIIA, Sec- 
tion III, 18*) 


Residue. May contain 
Bi(OH)8 and Pb(OH)2. Add 
1 ml. of NaOH solution, place 
in the boiling water rack for 2 
minutes, and centrifuge. 


Residue. May Centrifu- 
be Bi(OH)3. gate. May 

Wash with 0*5 contain 
ml. of water and NagEPbOg]. 
reject washings. Acidify witi 
Add 1 mi. of dilute acetic 
sodium stannite acid, add 2 
reagent (3) to the drops of 
ppt. KaCrO* 

Immediate black- solution, 
ening of ppt. Yellow ppt. 


Hg (ic) present, ening of ppt. 

Bi present. 
Alternatively, 
dissolve a little 
of the ppt. in 1-2 
drops of dilute 
HNO3. Place 1 
drop of the solu- 
I tion upon filter 

paper moistened 
with cinchonine- 
potassium iodide 
reagent. 

Orange-red spot, 
Bi present. 


ontain Centrifugate. 

H)2. Add May contain 
ition, place [Cu(NH3)J(N03)2 
• rack for 2 and 
fuge. [Cd(NH8),](NOa)8. 

— ^ if colourless, Cu is 

Centrifu- absent: test then 
gate. May directly for Cd by 
contain passing HgS for 10 
NagEPbOg]. seconds into the 
Acidify with anunoniacal solu- 
diiute acetic tion. Yellow ppt. 
acid, add 2 of CdS. 
drops of Cd present. 

KaCrO^ If blue, Cu is pre- 
solution. sent. Divide into 
Yellow ppt. two imequal parts, 
of PbCr04. Smaller portion (4). 
Pb present. Acidify with acetic 
acid and add 1 drop 
ofK4[Fe(CH)e] 
solution. 

Reddish-brown ppt. 
on standing for 2-3 
minutes. 

Cu present. 
Larger portion. Add 
KChT solution drop - 
wise, with stirring, 
until the blue colour 
is discharged. Pass 
HaS for 30-40 
seconds. 

Yellow ppt. of CdS. 

Cd present. 
Confirm Cd by 
Ignition test with 
NaoCoO,, etc. 


of PbCrO^. 
Pb present. 
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Notes TO Table II 

(1) Alternatively, just acidify a few drops of the solution with 
dilute sulphuric acid. Add one drop of the acid solution to a few drops of 
zinc sulphate or acetate solution, and then add a little ansmoniuna mercuri- 
thiooyanate reagent. A violet precipitate confirms Gn. If a little amyl 
alcohol is added, the precipitate collects in and colours the organic layer, 

(2) Cadmium may be confirmed, if desired, by the ignition test with sodium 
oxalate, etc. (see Section III, 9, Dry Tests). 


Notes to Table IIA 

Notes. (1) Stannous sulphide SnS is not completely soluble in 2N KOH. 
If tin is present in the stannous state, it is necessary to oxidise it with HaO^: 
a limited amount of arsenious arsenic may be oxidised at the same time. 

(2) Potassium and sodium hydroxides are extremely dangerous substances 
because of their destructive effects upon the eyes. Precipitates, when heated 
with KOH solution, tend to bump. To avoid any possibility of the mixture 
spurting into the eyes with a consequent likely loss of sight, it is essential 
(a) to conduct the operation in a fume chamber, (b) to stir the mixture con- 
stantly and (c) to avoid bringing the face over the beaker. It is recommended 
that goggles be worn during this and similar operations. 

(3) Alternatively, just acidify a few drops of the solution with dilute sul- 
phuric acid. Add 1 drop of the acidic solution to a few drops of zinc sulphate 
or acetate solution, and then introduce a few drops of the ammonium mercuri- 
thiocyanate reagent. A violet precipitate confirms Gu. If a little amyl 
alcohol is added, the precipitate collects in and colours the organic layer. 
It is recommended that this test be performed even if the solution is almost 
colourless. A blue solution indicates that copper is present in quantity. 

(4) Cadmium may be confirmed, if desired, by the ignition test with sodium 
oxalate, etc. (see Section III, 9, Dry Tests). 


Notes to Table SMIIA 

Notes. ( 1 ) Stannous sulphide is not completely soluble in 2N KOH 
solution. For this reason HgO 2 is employed in the Group Separation Table 
SM.S (Section VI, 9); any stannous tin is oxidised to the stannic state, leading 
ultimately to SnS 2 , which dissolves readily in warm 2JV KOH. 

(2) Great care should be taken in heating the KOH mixture. The mixture 
should be stirred constantly with a stirring rod: the face should not be brought 
directly over the heated tube. Potassium hydroxide solution is a dangerous 
substance because of its destructive action upon the eyes. 

(3) The sodium stannite solution is prepared by treating 1-2 drops of 
SnCl 2 solution with NaOH solution dropwise until the initial precipitate of 
Sn(OH) 2 dissolves completely. Cooling is desirable. 

(4) Alternatively, acidify with dilute H 2 SO 4 , add a drop or two of ZnSO^ 
solution, followed by a few drops of ammonium mercuri-thiocyanate reagent. 
A violet precipitate confirms Cu. The precipitate is rendered readily visible 
by adding a few drops of amyl alcohol and stirring; it collects in and colours 
the organic layer. 
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THE ARSENIC GROUP (GROUP IIB) 

AESE35TIC, As 

Arsenic is a steel-grey, brittle solid with a metallic lustre. It 
sublimes on heating, and a characteristic, garlic-like odour is 
apparent; on heating in a free supply of air, arsenic burns with a 
blue flame yielding white fumes of arsenious oxide A84O6. All 
arsenic compounds are poisonous. The element is insoluble in 
hydrochloric acid and in dilute sulphuric acid: it dissolves readily 
in dilute nitric acid yielding arsenious oxide, and in concentrated 
nitric acid or in aqua regia or m sodium bypochlorite solution 
forming arsenic acid. 

AS4 + 4HNO3 {dil.) = AsA -f 4 NO + 2H2O 
3AS4 + 2OHNO3 (cone.) 4 - 8H2O == 20 NO + 12H3ASO4 
AS4 + lONaOCl 4 6H2O - 4HsAs04 4 lONaCl 

Two series of compounds of arsenic are commonly encountered: 
[a) The arsenious compounds may be regarded as derived from the 
amphoteric arsenious oxide As40e, which yields salts with strong 
acids, e.g. arsenious chloride ASCI3, and with strong bases, e.g. 
sodium arsenite NaAs02. (6) The arsenic compounds corresponding 
to the pentoxide AS2O5 ; they are usually salts of the tribasic ortho- 
arsenic acid, e.g. NaH2As04, Na>2HAs04 and Na3As04. 

Ill, IL REACTIONS OF ARSENIOUS COMPOUNDS 

Use a solution of arsenious oxide* in hydrochloric acid, or a 

solution of sodium arsenite, NaAs02.t 

i. Hydrogen Sulphide: yellow precipitate of arsenious 
sulphide AS2S3 in acid (hydrochloric) solution. 

2 ASCI 3 4 3 H 2 S = AS 2 S 3 4 6HC1 
2 Na 3 As 03 4 6HC1 4 SHgS = AsgSg 4 BNaCl 4 6 H 2 O 

* Arsenious oxide is sparingly soluble in water yielding a solution containing 
the weak arsenious acid; the oxide, however, is recovered upon concentrating 
the solution. 

As^Oe 4 6H2O ^ 4H3ASO3 ^ 4HASO2 4 4H2O 

t The solid salt has the formula NaAsOa; i.e. sodium meta-arsenite. It is 
considerably hydrolysed in solution: 

NaAsO^ 4 HaO ^ FaOH 4 HAsOg; 

HAsOa 4 HaO ^ H3ASO3 

There is some evidence {e.g. the production of silver ortho -arsenite AggAsOg) 
that the AsOg is present in solution. For simplicity, the reactions of 
arsenites will be represented as derived from the ortho-arsenite ion AsOg 
or, when written as molecular equations, from NagAsOa. It should, however, 
be borne in mind that the meta-arsenite ion AsOg"* may also be present in 
solution. 

Similarly, the meta-thioarsenite (AsS®”) and ortho-thioarsenite (AsSg ) 
ions appear to exist in solution. The subject requires re-investigation. 
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The precipitate is insolubie in concentrated hydrochloric acid 
(distinction and method of separation from Sb2S3 and SnS2), but 
dissolves in hot concentrated nitric acid : 

SAssSg + 2OHNO3 + 4H2O = 6H3ASO4 + 9H2SG4 + 20NO 

It is also readily soluble in solutions of alkali hydroxides, 
ammonia and ammonium sulphide: 

AS2S3 + 6K0H - 3H2O +K3ASO3 , 

(potassium thioarsenite) 

AS283 + 6NH3 + 3H2O - (NH4)3A803 + 

AS2S3 + 3MH4HS + 3NH3 = 2(]SrH4)3AsS3 

Upon acidifying the above solutions thioarsenious acid, 
HgAsSs, is set free: this acid is unstable in the free state and 
decomposes immediately into arsenious sulphide and hydrogen 
sulphide. Hence, upon treating a mixture of an arsenite and 
thioarsenite or a thioarsenite with dilute hydrochloric acid, 
arsenious sulphide is precipitated: 

^ 2(NH4)3AsS3 +:6Ha ==6NH4C^^^ 

2H3ASS3 = AS2S3 -f 3H2S ' 

+6HCr= AS2S3 + 6KC1 +3H2O : 

The formation of soluble thio-salts explains the non-precipi- 
tation of arsenious sulphide from solutions of arsenites in 
neutral or alkaline solution; for complete precipitation of arsenic 
as the trisulphide, sufficient free mineral acid must be present 
in the solution to prevent the formation of soluble thio-salts: 

]^a3As03 -f- 3H2S ISra 3 AsS 3 3II2O 

Arsenious sulphide dissolves readily in yellow ammonium 
sulphide solution (NH4)2S^ forming first ammonium thio- 
arsenite (NH4)3 AsS 3, which is then oxidised to the thio- 
arsenate (NH4)3AsS4 by excess of sulphur. Upon acidifying 
the solution arsenic pentasulphide AS2S5 is precipitated, 
together with a little sulphur, produced by the decomposition 
of the excess of the ammonium polysulphide by the acid, 

AS2S3 + 3(NH4)2S2 = 2(NH4)3A8S4 + S ; 

2(NH4)3 AsS 4 + 6HC1 = 3H2S + AS2S5 -f 6NH4CI 

2 . Silver Nitrate Solution: yellow precipitate of silver 
arsenite Ag3As03 from neutral solutions (distinction from 
arsenates), soluble in ammonia solution and in nitric acid 
(compare Section I, 19). 

h[a3As03 -j“ 3 AgIS [03 = Ag3As03 -f- 3 ]Sra]Sr 03 
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3 . Magnesia Mixture (a solution containing MgCl2, 
NH4CI and a little NH3): no precipitate (distinction from 
arsenate). 

A similar result is obtained with the magnesmni nitrate 
reagent (a solution containing Mg(N03)2 , NH4NO3 and a little 
NH3). : ; 

4. Copper Sulphate Solution: green precipitate of copper 
arsenite (Scheele’s green), variously formulated as CuHAsOg 
and Cu3(As03)25irH20j from neutral solutions, soluble in acids, 
and also in ammonia solution forming a blue solution. The 
precipitate also dissolves in sodium hydroxide solution; upon 
boiling, cuprous oxide is precipitated. 

d. Solution of Iodine in Potassium Iodide Solution: de- 
colourised, owing to the formation of hydriodic and arsenic 
acids. 

H3 AsOa + I2 + H2O ^ H3 ASO4 + 2 HI 

The reaction is not a quantitative one because of the reducing 
character of the hydrogen iodide formed; in the presence of excess 
of sodium bicarbonate solution, which neutralises the hydriodic acid 
as formed, the reaction is quantitative. Sodium carbonate cannot 
be employed as this reacts with the iodine. 

]Sra3As03 -f- I2 -f* 2]NfaHC03 == Na3As04 -f* 2NaI -f* 2CO2 "I" H2C 
SNaaCOg -f Slg = NalOg + 5NaI + SCOg 

6 . Stannous Chloride Solution and Concentrated 
Hydrochloric Acid (BettendorlBPs Test).— A few drops of 
the arsenite solution are added to 2 ml. of concentrated hydro- 
chloric acid and 0-5 ml. of saturated stannous chloride solution, 
and the solution gently warmed; the solution becomes dark 
brown and finally black, due to the separation of elementary 
arsenic. 

NagAsOg + 6HC1 = AsClg + 3 NaCl + SHgO; 

2ASCI3 + 3 SnCl 2 == 2 As + SSnCb 

If the test be made with the sulphide precipitated in acid solution, 
then only mercury will interfere; by converting the arsenic into 
magnesium ammonium arsenate and heating to redness, the pyro- 
arsenate Mg2As207 remains and any mercury salts present are 
volatilised. This forms the basis of a delicate test for arsenious and 
arsenic arsenic. 

t Mix a drop of the test solution in a micro -crucible with 1-2 drops 
of concentrated ammonia solution, 2 drops of “20 -volume” hydrogen 
peroxide, and 2 drops of 10 per cent magnesium chloride solution. 
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Evaporate slowly and finally heat until filming ceases. Treat the 
residue with l‘-2 drops of a solution of stannous chloride in concentrated 
hydrochloric acid, and warm slightly. A brown or black precipitate 
or coloration is obtained. 

Sensitivity: 1 /xg. As. Concentration limit; 1 in 50,000. 

Ill, 12. REACTIONS OF ARSENIC COMPOUNDS 

Use a solution of sodium arsenate, Na2HAs04,12H20 or a 
solution of arsenic pentoxide ^^205? containing some dilute 
hydrochloric acid. 

L Hydrogen Sulphide: no immediate precipitate in the 
presence of dilute hydrochloric acid. If the passage of the 
gas is continued, a mixture of arsenious sulphide AS2S3 and 
sulphur is slowly precipitated. Precipitation is more rapid in 
hot solution. 

H3ASO4 + H2S = H2O + H3ASO3S (thioarsenic acid) ; 

H3ASO3S = S + HaAsOs (arsenious acid) ; 

2H3A8O3 "f" 3II2® ^ AS2S3 “h 6II2O 

If a large excess of concentrated hydrochloric acid is present 
and hydrogen sulphide is passed rapidly into the cold solution, 
yellow arsenic pentasulphide AS2S5 is precipitated; in the hot 
solution, the precipitate consists of a mixture of the tri- and 
penta-sulphides. 

2H3ASO4 + 5H2S = AS2S5 + 8H2O 

Arsenic pentasulphide, like the trisulphide, is readily soluble 
in solutions of caustic alkalis, ammonia, ammonium sulphide 
or polysulphide and ammonium carbonate, but is insoluble in 
boiling concentrated hydrochloric acid : 

AS2S5 + 6KOH = 3H2O + K3ASS4 + KsAsOsS; 

AS2S5 + 3NH4HS + 3NH3 = 2(NH4)3AsS4 

AS2S5 + 3(m4)2C03 - 3CO2 + (NH4)3 AsS4 + (NH4)3As03S 

Upon acidifying these solutions with hydrochloric acid, arsenic 
pentasulphide is precipitated : 

2(NH4)3 AsS 4 + 6HCI = 3H2S + AS2S5 + 6NH4CI 

For the rapid precipitation of arsenic from solutions of arsenates 
without using a large excess of hydrochloric acid, sulphur dioxide 
may be passed into the slightly acid solution in order to reduce the 
arsenic to the tervalent state and then the excess of sulphur dioxide 
is boiled of!: upon conducting hydrogen sulphide into the warm 
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rednced solution, immediate precipitation of arsenic trisulpMde 
occurs: 


H3ASO4 4 - H2SO3 = H3ASO3 + HaSO^ 


The precipitation can be greatly accelerated by the addition of 
small amounts of an iodide, say, 1 ml. of a 10 per cent solution, and 
a little concentrated hydrochloric acid. The iodide acts as a catalyst 
in that it reduces the arsenic acid thus : 

AsO^""" + 21“ + 2H+ ^ As08''““ + I 2 + HgO, 

and the iodine liberated is converted into iodide ions by the hydro- 
gen sulphide: 

I3 + H2S ^ 2 HI + S 

2. Silver Nitrate Solution: brownish-red precipitate of 
silver arsenate Ag3As04 from neutral solutions (distinction 
from arsenite and phosphate which yield yellow precipitates), 
soluble in acids and in ammonia solution but insoluble in acetic 
acid. 

Na 3 As 04 + SAgNOa — Ag 3 As 04 + SNaNOa 

t This reaction may be adapted as a delicate test for arsenic in the 
following manner. The test is applicable only in the absence of 
chromates, ferro- and ferri-cyanides, which also give coloured silver 
salts insoluble in acetic acid. 

Place a drop of the test solution in a micro-crucible, add a few drops 
of concentrated ammonia solution and of “20-voltime” hydrogen 
peroxide, and warm. Acidify with acetic acid and add 2 drops of 
1 per cent silver nitrate solution. A brownish-red precipitate or 
coloration appears. 

Sensitivity: 6 /xg. As. Concentration limit: 1 in 8,000 

5. Magnesia Mixture (see Section III, 11, reaction 3 ) : 
white, crystalline precipitate of magnesium ammonium 
arsenate Mg(NH4)As04,6H20 from neutral or ammoniacal 
solution (distinction from arsenite). 

Na2HAs04 + MgClg + lOTEg == Mg(NH4)As04 
For some purposes (e.gr. the detection of arsenate in the pre- 
sence of phosphate), it is better to use the magnesium nitrate 
reagent (a solution containing Mg(N03)2, NH4CI and a little 
NH3). 

Upon treating the white precipitate with silver nitrate solu- 
tion containing a few drops of acetic acid, red silver arsenate 
is formed (distinction from phosphate) : 

Mg(NH4)As04 + SAgNOg == Ag3As04 + Mg(N03)2 + NH4NO3 

4 , Ammonium Molybdate Solution : when the reagent and 
nitric acid are added in considerable excess to a solution of 
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an arsenate, a yellow crystalline precipitate of ammoninm 
arsenomolybdate, (NH4)3 [AsMoi204o] is obtained on boiling 
(distinction from arsenites wMoh give no precipitate, and from 
phosphates which yield a precipitate in the cold or npon gentle 
warming). The precipitate is insoluble in nitric acid, but 
dissolves in ammonia solution and in solutions of caustic 
alkalis, 

Na2HA804 + 12(]SrH4)2Mo04 + 23HNO3 

:= (NH4)3[AsMoi204o] + 21^4^03 + 2NaN03 + 12H2O 

5 . Potassium Iodide Solution: in the presence of con- 
centrated hydrochloric acid, iodine is precipitated ; upon 
shaking the mixture with 1-2 ml, of chloroform or of carbon 
tetrachloride, the latter is coloured blue by the iodine. The 
reaction may be used for the detection of arsenate in the presence 
of arsenite ; oxidising agents must be absent. 

H3ASO4 + 2 HI ^ H3ASO3 -f I2 + H2O 

6 . Uranyl Acetate Solution: light yellow, gelatinous pre- 
cipitate of uranyl ammonium arsenate U02(NH4)As04,jrH20 
in the presence of excess of ammonium acetate, soluble in 
mineral acids but insoluble in acetic acid. If precipitation is 
carried out from a hot solution of an arsenate, the precipitate 
is obtained in granular form. This test provides an excellent 
method of -distinction from arsenites, which do not give a 
precipitate with the reagent (an approximately OAN solution 
of uranyl acetate). 

Na2HAs04 ~|- 1^^2(^211802)2 + NH3 

= U02(NH4)As 04 + 2Na.C2H302 

III, 13 . SPECIAL TESTS FOR SMALL AMOUNTS OF 

ARSENIC 

The following tests are applicable to air arsenic compounds. 

(i) Marsh’s Test.— This test, which must be carried out in the 
fume chamber, is based upon the fact that all soluble compounds 
of arsenic are reduced by “nascent” hydrogen in acid solution to 
arsine ASH3, a colourless, extremely poisonous gas with a garhc-like 
odour. If the gas, mixed with hydrogen, be conducted through a 
heated glass tube, it is decomposed into hydrogen and metallic 
arsenic, which is deposited as a brownish-black “mirror” just 
beyond the heated part of the tube. 

On igniting the mixed gases, composed of hydrogen and arsine 
(after all the air has been expelled from the apparatus), they bum 
with a livid blue flame, and white fumes of arsenious oxide are 
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evolved; if the inside of a small porcelain dish be pressed down npon 
the flame, a black deposit of arsenic is obtained on the cool surface, 
and the deposit is readily soluble in sodium hypochlorite or bleaching 
powder solution (distinction from antimony). 

AS4O6 + 12 Zn + 12H2SO4 = 4ASH3 4 - 12ZnS04 + eH^O 
' HgAsO^ 4- 4 Zn 4 - 4 H 2 SO 4 = AsHs 4 - 4ZnS04 + 

4ASH3 = AS4 4 - 6H2 (heat) 

4ASH3 4 - 6O2 = AsA + 6H2O 
AS4 4 - lONaOCl 4 - 6H2O = 4H3ASO4 4 - lONaCl 

The Marsh test is best carried out as follows. The apparatus is 
fitted up as shown in Fig, III, 13 , 1. A conical flask of about 
125 ml. capacity is fitted with a two-holed rubber stopper carrying 
a thistle funnel reaching nearly to the bottom of the flask and a 
5-7 mm. right-angle tube; the latter is attached by a short piece of 



‘‘pressure’’ tubing to a U-tube filled with glass wool moistened with 
lead acetate solution to absorb any hydrogen sulphide evolved (this 
may be dispensed with, if desired, as its efficacy has been questioned), 
then to a small tube containing anhydrous calcium chloride of about 
8 mesh, then to a hard glass tube, ca, 25 cm. long and 7 mm. dia- 
meter, constricted twice near the middle to about 2 mm. diameter, 
the distance between the constrictions being 6-8 cm. The drying 
tubes and the tube ABC are securely supported by means of clamps. 
All reagents must be arsenic-free. Place 15-20 grams of arsenic-free 
zinc in the flask, add dilute sulphuric acid (1:3) until hydrogen is 
vigorously evolved. The purity of the reagents is tested by passing 
the gases, by means of a delivery tube attached by a short piece of 
rubber tubing to the end of C, through silver nitrate solution for 
several minutes; the absence of a black precipitate or suspension 
proves that appreciable quantities of arsenic are not present. 

flAgNOg 4 - 3H2O 4- AsHa = H3ASO3 4 - 6Ag 4- 6HNO3 
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The solution containing the arsenic compound is then added in 
smaU amounts at a time to the contents of the flask. If much 
arsenic is present, there will be an almost immediate blackening of 
the silver nitrate solution. Disconnect the rubber tube at G. Heat 
the tube at A to just below the softening point; a mirror of arsenic 
is deposited in the cooler, less constricted portion of the tube. A 
second flame may be applied at B to ensure complete decomposition 
(arsine is extremely poisonous). When a satisfactory mirror has 
been obtained, remove the flames at A and B and apply a light at 0. 
Hold a cold porcelain dish in the flame, and test the solubility of 
the black or brownish deposit in sodium hypochlorite solution. 

The arsenic in the silver nitrate solution is present as arsenious 
acid and can be detected by the usual tests, e,g. by hydrogen 
sulphide after removing the excess of silver nitrate with dilute 
hydrochloric acid, or by neutralising and adding further silver 

nitrate solution, if necessary. 



Dilute H2SO4. 
Zinc 


M involved 

bummg and deposition of the 
-Cotton wool arsenic upon a cold surface. Nowa- 

days the mirror test is usually 
applied. The silver nitrate reaction 
(sometimes known as Hofmann’s 
test) is very useful as a confirmatory 
test. 

(ii) Gutzeit’s Test. — This is 
essentially a modification of Marsh’s 
test, the chief difference being that 
only a test-tube is required and the 
arsine is detected by means of silver 
nitrate or mercuric chloride. Place 
Fig. Ill, 13, 2 1-2 grams of arsenic-free zinc in a 

test-tube, add 5-7 ml. of dilute sul- 
phuric acid, loosely plug the tube with purified cotton wool and 
then place a piece of filter paper moistened with 20 per cent silver 
nitrate solution on top of the tube (Fig. Ill, IS, 2). It may be 
necessary to warm the tube gently to produce a regular evolution 
of hydrogen. At the end of a definite period, say 2 minutes, 
remove the filter paper and examine the part that covered the 
test-tube; usually a light-brown spot is obtained owing to the 
traces of arsenic present in the reagents. Eemove the cotton- wool 
plug, add 1 ml. of the solution to be tested, replace the cotton wool 
and silver nitrate paper, the latter displaced so that a fresh portion 
is exposed. After 2 minutes, assuming that the rate of evolution 
of gas is approximately the same, remove the filter paper and 
examine the two spots. If much arsenic is present, the second 
spot (due to metallic silver); will appear black. 


AsHa + eAgNOj -f 3HaO « 6Ag -f 6HNO3 + H3ASO3 
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Hydrogen sulphide, phosphine PH 3 and stibine SbHg give a similar 
reaction. They may be removed by means of a purified eotton-wool 
plug impregnated vsdth cuprous chloride. 

The use of mercuric chloride paper, prepared by immersing 
filter paper in a 5 per cent solution of mercuric chloride in alcohol 
and drying in the atmosphere out of contact with direct sunlight, 
constitutes an improvement. This is turned yellow by a little arsine 
and reddish-brown by larger quantities. Filter paper, impregnated 
with 1 per cent aqueous solution of ‘‘gold chloride” HAuCl 4 , 2 H 20 , 
may also be employed when a dark-red to blue-red stain is produced. 
A blank test must be performed with the reagent in all cases. 

SAuCig + AsHg + 3 H 2 O =:= 2Au + 6HG1 + HgAsOg 

The test may be performed on the semimicro scale with the aid of 
the apparatus shown in Fig. Ill, 13, 3. Place 10 drops of the test 
solution in the semimicro test-tube, add a few 
granules of arsenic-free zinc and 1 ml. of dilute sul- 
phuric acid. Insert a loose wad of pure cotton wool 
moistened with lead nitrate solution in the funnel, 
and on top of this place a disc of drop reaction 
paper impregnated with 10 per cent silver nitrate 
solution; the paper may be held in position by a 
watch glass or microscope slide. Warm the test- 
tube gently (if necessary) on a water bath to 
accelerate the reaction, and allow to stand. Examine 
the silver nitrate paper after about 5 minutes. A 
grey spot will be obtained ; this is occasionally yellow, 
due to the complex Ag 3 As, 3 AgN 03 . 

For minute quantities of arsenic, it is convenient to 
use the apparatus depicted in Fig, II, 6, 13. Mix a 
drop of the test solution with a few grains of ziac and 
a few drops of dilute sulphuric acid in the micro test- III, 13, 3 
tube. Insert the funnel with a fiat rim, and place a 
small piece of drop-reaction paper moistened with 20 per cent silver 
nitrate solution on the flat surface. A grey stain will be obtained. 

Sensitivity: 1 jitg. As. Concentration limit: 1 in 50,000. 

A more sensitive test is provided by drop reaction paper impregnated 
with gold chloride reagent (a 1 per cent solution of HAuCl 4 , 2 H 20 ). 
Perform the test as described in the previous paragraph: a blue to 
blue-red stain of metallic gold is obtained after standing for 10- 15 
minutes. It is essential to perform a blank test with the reagents to 
confirm that they are arsenic-free. 

Sensitivity: 0-05 fzg. As. Concentration limit: I in 100,000, 

(iii) Fieitmann’s Test. — ^This test depends upon the fact that 
nascent hydrogen generated in alkaline solution, e,g, from aluminium 
or zinc and sodium hydroxide solution, reduces arsenious compounds 
to arsine, but does not affect antimony compounds. A method of 
distinguishing arsenic and antimony compounds is thus provided. 
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Arsenates must first be reduced to the arsenious condition before 
applying the test. The modus operandi is as for the Gutzeit test, 
except that zinc or aluminium and sodium hydroxide solution replace 
zinc and dilute sulphuric acid. It is necessary to warm the solutions. 
A black stain of silver is produced by the action of the arsine. 

The apparatus of Fig. Ill, 13, 3 may be used on the semimicro 
scale. Place 1 ml. of the test solution in the test-tube, add some 
pure aluminium turnings and 1 ml. of 2N potassium hydroxide 
solution. Gentle warming is usually necessary. A yellow or grey 
stain is produced after several minutes. 

(iv) Reinsch’s Test, — ^If a strip of bright copper foil be boiled 
with a solution of an arsenious compound acidified with at least 
one-tenth of its bulk of concentrated hydrochloric acid, the arsenic 
is deposited upon the copper as a grey film of copper arsenide 
CU 5 AS 2 . Antimony, mercury, silver and other metals are precipi- 
tated under similar conditions. It is therefore necessary to test for 
arsenic in the deposit in the dry way. The strip is washed with 
distilled water, dried between filter paper and then gently heated 
in a test-tube; a white crystalline deposit of arsenious oxide is 
obtained. The latter is identified by examination with a hand lens, 
when it will be seen to consist of colourless octahedral and tetra- 
hedral crystals ; it may also be dissolved in water and tested for 
arsenic by Fleitmann’s or Bettendorff^s test. 

Arsenates are also reduced by copper, but only slowly even on 
boiling. 

Dry Tests 

(i) Blowpipe test . — -Arsenic compounds when heated upon 
charcoal with sodium carbonate give a white incrustation of 
arsenious oxide, and an odour of garlic is apparent while hot. 

(ii) When heated with excess of potassium cyanide and of 
anhydrous sodium carbonate in a dry bulb tube, a black mirror 
of arsenic, soluble in sodium hypochlorite solution, is produced 
in the cooler part of the tube. 

Antimony, Sb 

Antimony is a lustrous, silver-white metal. It is insoluble in 
hydrochloric acid and in fflute sulphuric acid, is slowly attacked 
by hot concentrated sulphuric acid yielding unstable antimonious 
sulphate, and is converted into antimony tri- or pentoxide by nitric 
acid, depending upon the amount and the concentration of the acid. 
The best solvent for antimony is aqua regia; a solution of antimony 
tri- or penta- chloride is formed. 

2Sb -4- 6 H 2 SO 4 = Sb2(S04)3 + 6 H 2 O + 3SOg 
4 Sb 4- 4 HNO 3 = Sb 403 + 4NO -f 2HaO 
6 Sb + IOHNO 3 SSb^Og + lONO + SHgO 
Sb 4- HNOg 4- 3H01 « BbClg 4- NO + 2 H 2 O 
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Two series of salts are known, the antimonioiis and antimonic 
corresponding respectively to the oxides Sb^Og and Sb40io, the 
former being the more important. Antimonions compounds react 
with water similarly to bismuth salts forming compounds containing 
the antimonyl group SbO— (compare Hydrolysis of Salts, Section 
1,40). 

SbClg + HaO ^ SbO.Cl + 2HC1 

An important antimony! compound is tartar emetic, potassium 
antimonyl tartrate K(SbO).C4H4O6,0-5H2O; it is prepared by 
interaction between antimonious oxide and potassium hydrogen 
tartrate. 

Sb^Og + 4KH . C 4 H 4 O 6 = 4K(SbO) . C4H40e + 2 H 2 O 
The solubility of antimonyl compounds in solutions of tartaric acid 
or of tartrates is due to the formation of compounds of this type. 
The addition of dilute hydrochloric acid to an aqueous solution of 
tartar emetic gives a white precipitate of antimonyl chloride, soluble 
in excess of acid : 

K(SbO) . C4H40e + 2HC1 = . C4H40e + SbO . Cl + KCl 

III, 14. REACTIONS OF ANTIMONIOUS 
COMPOUNDS 

Use a solution of antimony trichloride, SbClg, prepared by 
dissolving either the solid trichloride or antimonious oxide, 
Sb406, in dilute hydrochloric acid. 

i. Hydrogen Sulphide: orange-red precipitate of antimony 
trisulphide Sb2S3 from solutions which are not too acid. The 
precipitate is soluble in warm concentrated hydrochloric acid 
(distinction and method of separation from arsenious sulphide 
and mercuric sulphide), in ammonium polysulphide (forming a 
thioantimonate), and in alkali hydroxide solutions (forming 
antimonite and thioantimonite). 

SbgSs + 6HC1 ^ 2SbCl3 + 3H2S 

Sb^Sg + 3(NH4)2S2 - 2(mi4)3SbS4 + s 

2Sb2S3 + 4KOH = KSbOg + SKSbSg + 2H2O 
Upon acidification of the solution of the thioantimonate 
solution with hydrochloric acid, antimony pentasulphide is 
precipitated initially but usually decomposes partially into the 
trisulphide and sulphur : 

2(NH4)3SbS4 + 6HC1 = Sb2S5 + + 3H2S 

Sb2S5 = Sb2S3 + 2S 

Acidification of the antimonite-thioantimonite mixture leads 
to the precipitation of the trisulphide ; 

KSbOg + 3KSbS2 + 4HC1 =;= 2Sb2S3 + 4KC1 + 2B.^O 
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2 . Water : when the solution is poured into water, a white 
precipitate of antimonyl chloride SbO.Cl is formed, soluble in 
hydrochloric acid and in tartaric acid solution (difference from 
bismuth). With a large excess of water the hydrated oxide 
Sb406,a:H20, is produced. 

3 . Sodium Hydroxide or Ammonia Solution : white 
precipitate of the hydrated antimonious oxide Sb406,a;H20, 
soluble in concentrated solutions of caustic alkalis forming 
antimonites, 

4SbCl3 + 12 NaOH = Sb406 + 12 NaCl + 6H2O ; 

Sb 406 + 4 NaOH = 4 Na[Sb 02 ] + 2H2O 

i. Zinc; a black precipitate of antimony is produced. If 
a little of the antimony trichloride solution is poured upon 
platinum foil and a fragment of metallic zinc be placed on the 
foil, a black stain of antimony is formed upon the platinum ; 
the stain (or deposit) should be dissolved in a little warm dilute 
nitric acid and hydrogen sulphide passed into the solution after 
dilution; an orange precipitate of antimony trisulphide will be 
obtained. 

2 SbCl 3 + 3 Zn = 2 Sb + SZnClg 

Some stibine SbHj may be evolved when zinc is used; it is pre- 
ferable to employ tin. 

A modification of the above test is to place a drop of the solution 
containing antimony upon a genuine silver coin and to touch the coin 
through the drop with a piece of tin or zinc; a black spot will form 
on the coin. 

5 . Iron Wire: black precipitate of antimony. This may 
be confirmed as described in reaction 4 . 

6 . Potassium Iodide Solution: yellow coloration owing to 
the formation of a complex salt. 

p. Rhodamine-B (or Tetraethyl-rhodamine) Reagent 



violet or blue coloration with quinquevalent antimony. Tervalent 
antimony does not respond to this test, hence it must be oxidised with 
potassium or sodium nitrite in the presence of strong hydrochloric acid. 
In Group IIB SbCl* is always formed together with SnCh when the 
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precipitate is treated witli hydrochloric acid: by oxidising Sb (III) to 
Sb (V) with a little solid nitrite, an excellent means of testing for Sb 
in the presence of a large excess of Sn is available. Mercury, gold, 
thallixim, molybdates, vanadates and txmgstates in acid solution give 
similar colour reactions. 

The test solution should be strongly acid with hydrochloric acid 
and the antimonious antimony oxidised by the addition of a little solid 
sodium or potassium nitrite: a large excess of nitrite should be avoided. 
Place 1 ml. of the reagent on a spot plate and add 1 drop of the test 
solution. The bright red colour of the reagent changes to blue. 

Sensitivity : 0*5 /xg. Sb and applicable in the presence of 12,500 times 

the amount of Sn. 

Concentration limit: 1 in 100,000. 

The reagent is prepared by dissolving 0*01 g. of rhodamine-B in 
100 ml. of water. A more concentrated reagent is obtained by dis- 
solving 0*05 g. of rhodamine-B in a 15 per cent solution of potassium 
chloride in 2N hydrochloric acid. 

Fhosphomolybdic Acid Reagent (H 3 [PMoi 204 o]aq.): ‘‘molyb- 
denum blue” is produced by antimonious salts. Of the ions in Group 

II, only stannous tin interferes with the test. The test solution may 
consist of the filtered solution obtained by treating the Group IIB 
precipitate with hydrochloric acid: the antimony is present as SbClg 
and the tin as SnCl 4 , which has no effect upon the reagent. 

Place a drop of the test solution upon drop reaction paper which has 
been impregnated with the phosphomolybdic acid reagent and hold the 
paper in steam. A blue coloration appears within a few minutes. 

Sensitivity: 0*2 /xg. Sb. Concentration limit: 1 in 250,000. 

Alternatively, place 1 ml. of the test solution in a semimicro test-tube, 
add 0*5-1 ml. of the reagent, and heat for a short time. The reagent is 
reduced to a blue compound, which can be extracted with amyl alcohol. 

Stannous chloride reduces not only the reactive phosphomolybdic 
acid but also its relatively imreactive (e.^. ammonium or potassium) 
salts to “molybdenum blue.” However, antimonious salts do not 
reduce ammonium phosphomolybdate : Sn + + may thus be detected in 
the presence of Sb + +. 

Impregnate drop reaction paper with a solution of phosphomolybdic 
acid and then hold it for a short time over ammonia gas to form the 
yellow, sparingly soluble ammonium salt; dry. Place a drop of the 
test solution on this paper: a blue spot appears if stannous tin is present. 

Sensitivity: 0*03 /xg. Sn. Concentration limit: 1 in 650,000. 

The reagent consists of a 5 per cent aqueous solution of phospho- 
molybdic acid. It does not keep well. 

III, 15 . REACTIONS OF ANTIMONIG COMPOUNDS 

Use a solution of antimony pentoxide in concentrated hydro- 
chloric acid, or of potassium antimonate, KH2Sb04. 

SbgOs -f lOHCl = 2 SbCl 5 + SHgO 
i. Hydrogen Sulphide : orange-red precipitate of antimony 
pentasulphide Sb2S5 m moderately acid solutions. The pre- 
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cipitate is soluble in ammonium sulphide solution (yielding a 
thio-antimonate), in alkali hydroxide solutions, and is also 
dissolved by concentrated hy^ochloric acid with the forma- 
tion of antimony trichloride and the separation of sulphur. 
The thio-salt is decomposed by acids, the pentasulphide being 
preeipitated. 

2SbCl5 -f 5H2S = SbsSs + lOHCl; 

SbgSs + 6HC1 = 2SbCl3 + 2S + 3H2S 
SbgSs + 3(NH4)2S = 2(NH4)3SbS4; 

2(NH4)3SbS4 + 6HC1 = SbgSs + 6NH4CH- SHgS 

Sb2S5 + 6KOH = KgSbSOg + K3SbS4 + SHgO; 

KsSbSOg -f K3SbS4 + 6HC1 = Sb2S5 + 6K01 -h SHgO 

2. Water: white precipitate of basic salt. 

3. Potassium Iodide Solution: iodine separates out from 
a hydrochloric acid solution (difference from antimonious com- 
pounds). 

2SbCl5 + 2KI == I2 + 2SbCl3 + 2KC1 

4. Zinc or Tin: black precipitate of antimony in the pre- 
sence of hydrochloric acid (see antimonious compounds). Some 
stibine (SbHs) is produced with zinc. 

tc5. Rhodamine-B Reagent: see under Antimonious Compounds. 

SPECIAL TESTS FOR SMALL AMOUNTS OF ANTIMONY 

(i) Marsh’s Test. — -This test is carried out exactly as described 
for arsenic. The stibine SbHs (mixed with hydrogen) which is 
evolved burns with a faintly bluish-green flame and produces a dull 
black spot upon a cold porcelain dish held in the flame; this deposit 
is insoluble in sodium hypochlorite or bleaching powder solution, 
but is dissolved by a solution of tartaric acid (difference from 
arsenic). 

The gas is also decomposed by passage through a tube heated to 
dull redness. A lustrous mirror of antimony is formed in a similar 
manner to the arsenic mirror, but it is deposited on both sides of the 
heated portion of the tube because of the greater instability of the 
stibine. This mirror may be converted into orange-red antimony 
trisulphide by dissolving it in a Httle boiling hydrochloric acid and 
passing hydrogen sulphide into the solution. 

When the stibine-hydrogen mixture is passed into a solution of 
silver nitrate (Hofmann’s test), a black precipitate of silver anti- 
monide SbAgs is obtained; this is decomposed by the excess of 
silver nitrate into silver and antimonious oxide: 

SbHs + SAgNOa AggSb -f 3HNO3; 

4Ag3Sb + 12AgN03 -h GHgO = 24Ag -f- Sb^^ + 12 HNO 3 
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It is best to dissolve the precipitate in a solution of tartaric acid and 
to test for antimony with hydrogen sulphide in the usual manner. 

(ii) Guteeit’s Test.— A brown stain is produced which is soluble 
in 80 per cent alcohol, provided the antimony concentration of the 
solution is not too high. 

(iii) Fieitiiiaiiii’s or Bettendorff’s Tests. — ^Negative results 
are obtained when these are applied to antimony compounds 
(distinction from arsenic). 

(iv) Reinsch’s Test. — A grey to black deposit is formed upon 
the copper. Ignition of this deposit in a dry test-tube gives a non- 
crystalline sublimate of antimonious oxide, soluble in potassium 
hydrogen tartrate solution; hydrogen sulphide precipitates orange- 
red antimony sulphide from this solution, acidified with hydro- 
chloric acid. 

Dry Test 

Blowpipe test. — When antimony compounds are heated with 
sodium carbonate upon charcoal, a brittle metallic bead, sur- 
rounded by a white incrustation, is obtained. 

Tm, Sn 

Tin is a silver- white metal, which is malleable and ductile at 
ordinary temperatures, but at low temperatures it becomes brittle, 
due to transformation into an allotropic modification. The metal 
dissolves slowly in dilute hydrochloric and sulphuric acids with the 
liberation of hydrogen and the formation of stannous salts; it is 
readily dissolved by the hot concentrated acids. Dilute nitric acid 
dissolves tin slowly without any evolution of gas, stannous nitrate 
and ammonium nitrate being formed; with concentrated nitric acid, 
a vigorous reaction occurs, a white solid, usually formulated as 
hydrated stannic oxide Sn02,xll20 and sometimes known as meta- 
stannic acid, being produced. Solution takes place readily with 
aqua regia; stannic chloride is the sole product. 

Sn -f 2 HC 1 (dilute and cone.) = SnGla + Hg 
Sn + HgS04 (dilute) = SnS04 + Hg 
Sn + 4HaS04 (cone.) = Sn(S04)g + 2 SOg + fflgO 
4 :Sn + IOHNO3 (dilute) = 4Sn(3Sr08)2 + NH4NO3 + SHgO 

3Sn -f 4 HNO 3 + (so- 2)H20 =;= mo -f 3Sn02,a;H20 
3Sn + 4 HNO 3 + 12HC1 =:^ 4NO + SSnCh + 811 fi 

Tin forms two oxides: stannous oxide SnO and stannic oxide 
Sn02 from which the stannous and stannic salts respectively may be 
regarded as derived. Both oxides are amphoteric, the stannic 
compound to the greater degree. 
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in, 16 . REACTIONS OF STANNOUS COMPGUNDS 

Use a solution of stannous chloride, SnCl2,2H20, in dilute 
hydrochloric acid. 

1. Hydrogen Sulphide: brown precipitate of stannous 
sulphide SnS from not too acid solutions (say in the presence 
of 0*25“0'31f hydrochloric acid or ca. 0-6 {compare Section 
I, 37}). The precipitate is soluble in concentrated hydro- 
chloric acid (distinction from arsenious sulphide and mercuric 
sulphide); it is also soluble in yellow {(1^114)2835}, but not in 
colourless {NH4HS}, ammonium sulphide solution to form a 
thiostannate. Treatment of the solution of ammonium thio- 
stannate with an acid yields a yellow precipitate of stannic 
sulphide SnS2. 

SnCls + H2S = SnS + 2HC1; 

SnS + (NH4)2S2 = (NH4)2SnS3 ; 

(NH4)2SnS3 + 2HC1 = SnSg + 2NH4CI + H2S 

Stannous sulphide is practically insoluble in solutions of caustic alkalis; 
hence, if potassium hydroxide solution is employed for separating Group IIA 
and Group IIB, the tin must be oxidised to the stannic state with hydrogen 
peroxide before precipitation with hydrogen sulphide. 

2 . Sodium Hydroxide Solution: white precipitate of stan- 
nous hydroxide, soluble in excess of alkali forming sodium 
stannite Na2[Sn02]. 

SnClg + 2NaOH = Sn(OH)2 + 2NaCl; 

Sn(OH)2 + 2NaOH = NagESnOg] + 211^0 

With ammonia solution, white stannous hydroxide is preci- 
pitated, but this is not appreciably soluble in excess of the 
reagent. 

3. Mercuric Chloride Solution : white precipitate of mer- 
curous chloride Hg2Cl2. If the stannous chloride solution is 
present in excess, the precipitate turns grey, especially on 
warming, owing to further reduction to metallic mercury. 

SnClg + 2HgOl2 = SnCl4 + HggClg; 

SnClg + HggClg = SnGl4 + 2Hg 

4. Bismuth Nitrate Solution and Sodium Hydroxide 
Solution: black precipitate of metallic bismuth (see under 
Bismuth, Section III, 7, reaction 5 ). 

5 . Metallic Zinc: spongy tin is deposited which adheres to 
the zinc. If the zinc rests upon platinum foil, as described 
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under antimony (Section III, 14, reaction 4), and the solution 
is weakly acid, the tin is partially deposited upon the zinc in 
a spongy form but does not stain the platinum. The precipi- 
tate should be dissolved in concentrated hydrochloric acid and 
the mercuric chloride test applied. 

Bimethylglyoxime-Ferric Chloride Test.* — No coloration is 
produced when ferric salts are rodxed with the dimethyigly oxime re- 
agent and a little ammonia solution, but if a trace of a ferrous salt is 
present (produced by reduction with stannous ions), a deep red colora- 
tion, due to a ferrous dimethylglyoxime complex, is formed. If tin is 
present in the Sn (IV) state, it is reduced to Sn (II) by treatment with 
aluminium or magnesium filings and hydrochloric acid and the solution 
is filtered. This procedure may be be used with the Group IIB precipi- 
tate after treatment with hydrochloric acid. 

Vanadium, uranyl, titanium, cobalt and nickel ions give a similar 
reaction ; the ions of copper, chromium, manganese, gold, palladium, 
platinum, selenium and tellurium interfere, as do also molybdates and 
tungstates: reducing agents, which affect ferric chloride, must be absent. 

Place 0’2 ml. of the test solution containing stannous tin (this may 
consist of the solution obtained from the Group IIB precipitate, reduced 
with magnesium) in a micro test-tube, acidify (if necessary) with dilute 
hydrochloric acid, add 0*2 ml. of O-lN ferric chloride solution, followed 
by 0*3 ml. of 5 per cent tartaric acid solution (to prevent the formation 
of ferric hydroxide), 3 drops of the dimethylglyoxime reagent and about 
0*5 ml. of 4:N ammonia solution. A red coloration is produced. 

Sensitivity: 0*05 /xg. Sn. Concentration limit: 1 in 1,250,000. 

The reagent consists of a 1 per cent solution of dimethylglyoxime in 
ethyl alcohol. 

f 7. Cacotheline Reagent (a nitro-derivative of brucine, C 2 iHai 07 N 3 ): 
violet coloration with stannous salts. The test solution should be acid 
(2N HCl), and if tin is in the Sn (IV) state, it should be reduced pre- 
viously with aluminium or magnesium, and the solution filtered. 

The following interfere with the test : strong reducing agents (hydro- 
gen sulphide, dithionites (hyposulphites), sulphites and selenites); V, U, 
Te, Hg, Bi, Au, Pd, Se, Te, Sb, Mo, W, Co and Ni. The reaction is not 
selective, but is fairly sensitive: it can be used in the analysis of the 
Group IIB precipitate. Since ferrous salts have no influence on the 
test, it may be applied to the tin solution which has been reduced 
with iron wire. 

Impregnate some drop reaction paper with the reagent and, before 
the paper is quite dry, add a drop of the test solution. A violet spot, 
surroimded by a less coloured zone, appears on the yellow paper. 

Alternatively, treat a little of the test solution in a micro test-tube 
with a few drops of the reagent. A violet (purple) coloration is 
produced. 

Sensitivity: 0*2 /xg. Sn. Concentration limit: 1 in 250,000. 

The reagent consists of a 0-25 per cent aqueous solution of caco- 
theline. 

* For formulae, see imder Nickel, Section III, 25, reaction 8 . 
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Diazine Green Reagent (dyestuff formed by coupling diazotised 
safranine with dimetbyi-anilme). — Stannous chloride reduces the blue 
diazine green to the red safranine, hence the colour change is blue 
violet red. Titanous chloride reacts similarly, but ferrous salts and 
similar reducing agents have no effect. The reagent is therefore useful 
in testing for tin in the mixed sulphides of antimony and tin obtained 
in routine qualitative analysis. The solution of the sulphides in hydro- 
chloric acid is reduced with iron wire, aluminium or magnesium powder 
and a drop of the reduced solution employed for the test. 

Mix 1 drop of the test solution on a spot plate with 1 ml. of the 
reagent. The colour changes from blue to violet or red. It is advisable 
to carry out a blank test. 

Sensitivity: 2p,g. Sn. Concentration limit: 1 in 25,000. 

The reagent consists of a 0*01 per cent aqueous solution of diazine 
green. 

fP* 4-Methyl-l : 2 -dimercapto- benzene (or ‘‘Dithiol”) Reagent 


SH 



red precipitate when warmed with stannous salts in acid solution. The 
following interfere: silver, lead, mercury, cadmium, arsenic and anti- 
mony (yellow precipitates); copper, nickel and cobalt (black precipi- 
tates); bismuth (red precipitate); colloidal organic substances (starch, 
etc.); phosphates and nitrites. The hydrochloric acid concentration of 
the solution should not exceed 15 per cent. 

Place 2 drops of the test-solution, acidified with dilute hydrochloric 
acid, in a micro crucible and add 3 drops of the reagent. Warm (not 
above 60 °0): a red colour or precipitate develops. 

Concentration limit: 1 in 500,000. 

The reagent is prepared by dissolving 0*2 g. of 4-methyl- 1 : 2- 
dimercapto -benzene in 100 ml. of 1 per cent sodium hydroxide solution 
and adding 0*3-0* 5 g. of thioglycollic acid. The use of the latter in 
the reagent is not imperative, but it serves to facilitate the reduction 
of any stannic salt present. The reagent is discarded if a white precipi- 
tate of the disulphide forms. 

Ill, 17* REACTIONS OF STANNIC COMPOUNDS 

Use a solution of stannic chloride, SnCl4,6H20, in dilute 
hydrochloric acid (this probably contains hexachlorostannic 
acid; 

SnGl4 + 2HC1 ^ H2[SnCl6] 2H+ + [SnCle]" 

vi2H+ +Sn++++ + eCP), 
or of ammonium stannichloride, (NH 4 ) 2 [SnCls]. 
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1. Hydrogen Sulphide: yellow precipitate of stannic sul- 
phide SnSg from dilute acid solutions ( >0-3^). The precipitate 
is soluble in concentrated hydrochloric acid (distinction from 
arsenious and mercuric sulphides), in solutions of alkali 
hydroxides, and also in colourless {NH 4 HS) and yellow 
{(NH 4 ) 2 Sa,} ammonium sulphide solutions. Yellow stannic 
sulphide is precipitated upon acidification. 

HaLSnCW -t- 2 H 2 S ^ SnSa -h 6HC1 
SnS 2 -f NH 4 SH + NH 3 = (NH 4 ) 2 SnS 3 (thibstannate) ; 

(NH 4 ) 2 SnS 3 -f 2HC1 = SnSa + 2 NH 4 CI -f HgS 
SSnSg + 6 KOH = E;28n03 -f 2K2SnS3 -1- 3 H 2 O; 

KaSnOg -f 2K2SnS3 H- 6HC1 = SSnSg -f 6KC1 -f SHgO 

No precipitation of stannic sulphide in the presence of oxalic acid, due to 
the formation of the stable complex ion of the type [Sn{C204)4(H20)2] ; 

this forms the basis of a method of separation of antimony and tin. 

2. Sodium Hydroxide Solution: gelatinous white precipi- 
tate of stannic hydroxide Sn(OH) 4 , soluble in excess of the 
precipitant forming sodium stannate Na 2 [Sn 03 ]. 

SnCh + 4NaOH = Sn(OH )4 + 4N'aCl; 

Sn(OH )4 + 2NaOH == SHgO + Na 2 [Sn 03 ] 

With ammonia and with sodium carbonate solutions, a similar 
precipitate is obtained which, however, is insoluble in excess of 
the reagent. 

3. Mercuric Chloride Solution: no precipitate (difference 
from stannous compounds). 

4. Metallic Iron: reduces stannic salts in hydrochloric acid 
solution to the stannous condition; filter and test the filtrate 
with mercuric chloride solution (ferrous salts do not reduce the 
latter). Similar results are obtained on boiling the solution 
with copper or antimony. 

H 2 [SnCl 6 ] + Fe = SnClg + FeClg + 2HC1 

Dry Tests 

(i) Blowpipe test, — ^All tin compounds when heated with 
sodium carbonate, preferably in the presence of potassium 
cyanide, on charcoal give white, malleable and metallic globules 
of tin which do not mark paper, part of the metal is oxidised 
to stannic oxide, especially on strong heating, which forms a 
white incrustation upon the charcoal. 
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{ii) Borax bead test.~A borax bead wMcb has been coloured 
pale blue by a trace of copper salt becomes a clear ruby red in 
the reducing flame if a minute quantity of tin is added, 

UETEGTION AND SEPABATION OF THE METALS IN THE ARSENIC GEOUP 

(GROUP IIB) 

The foregoing reactions of the metals of this group provide the 
facts upon -which the following simple table of separation is based. 
Alternative and more comprehensive schemes are given in Section 
VII, 12. The student should prepare, or obtain from the teacher, 
a solid mixture soluble in hydrochloric acid, or a solution containing 
these elements, and work through the table in order to familiarise 
himself with it. 

The sulphides are precipitated m the presence of hydrochloric 
acid and then separated from those of Group IIA by warming for 
a few minutes with yellow ammonium sulphide solution (Table III) 
or -with 2N potassium hydroxide solution (Table IIIA), the filtrate 
being employed for the tests. If no metals of Group IIA are 
present, the ammonium sulphide or potassium hydroxide treatment 
is, of course, unnecessary. 


Ill, 18. Table III. Analysis of the Arsenic Group 

(Group IIB) 


The filtrate from the Copper Group (Group IIA) may contain the 
thio-salts (NH4)3 AsS 4, (NH4)3SbS4 and (NH4)2SnS3. Dilute with a little 
water, add dilute HCi in sUght excess (i.e. until acid to litmus), warm, 
filter and wash with a little HgS water. Reject the filtrate. The residue 
upon the filter may contain AsgSs, As^Sa, SbgSs, SbgSs, SnSg and S.* 
Boil the precipitate gently with 5-10 3ml. of concentrated hydrochloric 
acid, dilute with a little water, and filter. 

Eesidue. May contain AsjSj 
(and/or AS2S5). 

Dissolve the ppt. in 3-4 ml. of 
warm dilute NM3, filter (if neces- 
sary), add 3-4 3ml. of 3% HgO^ and 
warm to oxidise any arsejoite to 
arsenate. Add a few ml. of the 
Mg(N03)2 reagent. Stir and allow 
to stand. 

White, crystalline ppt. of 
Mg(NH4)As04,6H20. 

As present. 

Confirm as follows: filter off the 
ppt., and pour 1 ml. of AgNTOs solu- 
tion containing a few drops of dilute 
acetic acid on to the residue on the 
filter. 

Brownish-red residue of Ag^AsO^. 

Filtrate. May contain HfSbOL] 
and H2[SnCl6]. 

Divide into two parts: 

First portion.— Make just alkaline 
with dilute NTHg solution, add 1-2 
g. of oxalic acid, boil and pass HgS 
for 1 minute. 

Orangeppt. of SbaS3. 

Sb present. 

Second portion . — Partially 
neutralise the liquid, add about 15 
cm, of clean iron wire, heat for 5 
minutes to reduce the SnCl4 to 
SnClg, and filter into a solution of 
HgCla; 

White ppt. of HgjCla or grey ppt. 

! ofHg. 

Sn present. 


* If Group IIA absent, commence here. 
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III, 18. Table IIIA, Analysis of the Arsenic Group 

(Group IIB) 

The filtrate from the Copper Group (Group IIA) may contain KASO 2 , 
KAsSs, KSbOg, KSbSg, K^SnOs or K 2 [Sn(OH)e], and and a little 

KHgS 2 . Add concentrated HCl cautiously (dropwise and with constant 
stirring) until the solution is distinctly acid to litmus paper. Treat with 
HgS for 2-3 minutes to ensure complete precipitation of the sulphides. 
The formation of a precipitate indicates the possible presence of HgS, 
AsgSg, SbgSg and SnSg. Filter, wash the precipitate with a little water, 
and discard the filtrate and washings.* Transfer the precipitate to a small 
conical flask, add 5-10 ml. of concentrated HCl, heat to boiling [FUME 
OUPBOAED} and maintain the mixture near the boiling point over a 
low flame with constant stirring for 5 minutes. Dilute with a little 
water, and filter. 


Residue. May contain HgS and AsgSg. Filtrate. May contain 
If yellow, only AsgSg present. Wash with H[SbCl 4 ] and H 2 [SnCl 6 ]. 
water. Four 5 ml. of dilute NHg through Divide into three parts, 

the filter; run filtrate again through fiOlter. (i) Render just alkaline 

with aq. NHg, add 1-2 g. of 
oxalic acid, boil and pass 
Residue. If Filtrate. Add dilute HgS for ca. 1 minute into 

dark-coloured HNO 3 until distinctly ^ot solution. 

(HgS). acid. Orange ppt. of Sb^Sa. 

present. Yellow ppt. of AsgSj. Sb present. 

Confirm as in As present. (ii) To 2 drops of the 

Table IIA, if Confirm by redissolving solution on a spot plate, 

Hg not foxmd m in warm aq. NH 3 , warm i minute crystal of 

Group IIA. for a few minutes with HaNOg, stir and add 2 
3% H 2 O 3 to oxidise drops of Rhodamine-B re- 
arsenite to arsenate, add agent. 

Mg(N 03)2 reagent, stir Violet coloration or ppt. 
and allow to stand. Sb present. 

White ppt. of Mg(HH 4 )- (in) Partially neutralise 
As 04 , 6 H 20 . Filter and the liquid, add 10-15 cm. 
wash with a little water, of clean iron wire to 1 ml. 
Pour on to the filter 1 ml. uf the solution, warm gently 
of AgNOg solution con- to reduce tin to the stan- 
taining a few drops of nous state, and filter into a 
dilute acetic acid. solution of HgCIg. 

Brownish-red residue of White ppt. of HggClg or 
AggAsO*. grey ppt, of Hg. 

Sn present.t 


* If Group IIA absent, commence here. 

t If the proportion of Sb is large, it is better to reduce with Mg turnings or 
powder and dilute HCl. 


Q 
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III, 18. Table SMIIIA. Analysis of the Arsenic Group 

(Group IIB) 

The centrifugate from the Copper Group (Group IIA) may contain 
KMO^, KAsSa, KSbO^, KSbSg, K^SnO^ or KaCSnCOHJe], K^SnSa and a 
little KHgSs, Transfer to a small conical flask, add concentrated HCl 
dropwise and with stnrmg until the mixture is distinctly acid to litmus 
paper. Treat with HaS for 30-60 seconds to ensure complete precipita- 
tion of the sulphides. The formation of a precipitate indicates the 
possible presence of HgS, As^Sg, Sb^Sg and SnSg. Centrifuge about 
2*5 ml. of the mixture, remove the supernatant liquid with a dropper 
pipette and discard it. Transfer the remainder of the mixture in the 
flask to the centrifuge tube, centrifuge, remove the solution and discard 
it; wash the residue with a little water, completely remove the washings 
and reject them.* Treat the precipitate with 0’5-l ml. of concentrated 
HOI, place in the hot water bath for 2-3 minutes and stir frequently. 
Centrifuge; remove the centrifugate to a 4 ml. test-tube; wash residue 
with 0-3 ml. of dilute HCl and add washings to the contents of the 
test-tube. 

Residue. May contain HgS and Centrifugate. May contain 
AsgSg. If yeUow, only AsgSg pre- H[SbCy and HgESbClg]. 
sent. Wash residue with 6 drops of Divide into two parts, 

water : discard washings. Treat (i) Render just alkaline 

residue with 0-5 ml. of dilute aq. with concentrated jSTHg solution, 
NHg, stir well, and centrifuge. add 0-3 g. of oxalic acid, and pass 

HgS for 20-30 seconds. 

Orange ppt. of SbgSg. 

Residue. Centrifugate. Add Sb present. 

If dark- dilute HNOg until acid. Or — ^To 2 drops of the solution 

coloured Yellow ppt, of AsgSg. on a spot plate, add a minute 
(HgS). As present. crystal of HaNOg, stir, and add 2 

Hg Confirm thus: centri- drops of Rhodamine-B reagent, 

present, fuge and reject wash- Violet coloration. 

Confirm ings. Dissolve the ppt. Sb present, 

as in in 0*5 ml. of warm dilute (ii) Either— ixitvoduce 2 cm. of 

Table NHg, add 0*25 ml. of clean iron wire or 20 mg. of iron 

SMIIA, 6% HgOg and heat on filings, and heat on a water bath 

if Hg not a water bath for 3 for 3-5 minutes. Centrifuge, and 

foimd in minutes (to oxidise treat the clear centrifugate with 

Copper arsenite to arsenate). 2 drops of HgClg solution. 

Group. Add4dropsofMg(H03)2 White ppt. of HggClg or grey 

reagent and stir. White, ppt. ofHg. 
crystalline ppt. of Sn present. f 

Mg(hrH4)As04,6H20. Or — ^Treat 0'2-0-3 ml. of the 

Centrifuge and reject solution with 5-10 mg- of Mg 
centrifugate. Add 2 powder, add 2 drops of FeClg 
drops of AgNOg solution solution, 2-3 drops of 5% tartaric 
and 1 drop of dilute acid solution, 1-2 drops of di- 
acetic acid. Brownish- methylglyoxime reagent, and then 
red residue of Ag3As04. dil. ISTHg solution until basic. 

Red coloration. 

Sn present. 

* If Group IIA absent, commence here. 

t If the proportion of Sb is large, a deposit of Sb is found on the iron wire, 
which tends to slow down the reduction considerably. It is then better to 
use Mg turnings or powder for the reduction. Alternatively, the solution 
(containing Sb and Sn) may be added dropwise to the iron wire reacting in 
dilute HCl. 
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With Table SMIIIA as a guide, the student should 
have no difficulty in adapting Table III (Section III, 18) to 
the semimicro scale. 

THE IRON AND ZINC GROUP (GROUP III) 

IRON, ALUMINIUM, CHROMIUM, NICKEL, 
COBALT, MANGANESE AND ZINC 

The metals of this group are not precipitated by the group reagents for 
Groups I and II, but are all precipitated, in the presence of ammonium 
chloride, by hydrogen sulphide from their solutions made alkaline with 
ammonia solution. The metals, with the exception of aluminium and 
chromium which are precipitated as the hydroxides owing to the complete 
hydrolysis of the sulphides in aqueous solution, are precipitated as the sul- 
phides. Iron, aluminium and chromium (often accompanied by a little 
manganese) are also precipitated as the hydroxides by ammonia solution in 
the presence of ammonium chloride, whilst the other metals of the group 
remain in solution and may be precipitated as sulphides by hydrogen sulphide. 
It is therefore usual to subdivide the group into the iron group (iron, 
aluminium and chromium) or Group IIIA and the zinc group (nickel, cobalt, 
manganese and zinc) or Group IIIB. 

THE IRON GROUP (GROUP IIIA) 

Ibon, Ee 

Pure iron is a silver-white, tenacious and ductile metal. The 
commercial metal is rarely pure and usually contains small quantities 
of the carbide, silicide, phosphide and sulphide of iron, and a little 
graphite. Iron dissolves in dilute and concentrated hydrochloric 
acid and in dilute sulphuric acid with the evolution of hydrogen 
and the formation of ferrous salts; with hot concentrated sulphuric 
acid, sulphur dioxide and ferric sulphate are produced. Ferrous 
and ammonium nitrates are obtained with cold dilute nitric acid, 
whilst a more concentrated acid yields a ferric salt and either nitrous 
oxide or nitric oxide depending upon the experimental conditions. 
Cold concentrated nitric acid renders ixon passive-, in this state it 
does not react with dilute nitric acid nor does it displace copper 
from an aqueous solution of a copper salt. 

Fe + 2HC1 = FeClg + 

2 Pe 4- 6 H^S 04 (cone.) = FeaCSO^)^ + eH^O -f SSO^; 

4 Fe -f lOHNOg (cold, dilute) == 4Fe(N03)2 + NH4HO3 + 

4 Fe + IOHNO3 (warm, dilute) = 4Fe(H03)2 + ^2^ + SHgO; 

Fe + 4HNO3 (s.g.> 1-12) Fe{N03)3 + NO + 2H3O 

Iron forms two important series of salts : the ferrous salts which 
may be regarded as derived from ferrous oxide FeO in which the metal 
is divalent, and the ferric salts, which may be regarded as derived 
from ferric oxide Fe 203 and containing trivalent iron. 
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III, 19 V REACTIONS OF THE FERROUS ION, Fe++ 

Use a freshly prepared solution of ferrous ammonium sul- 
phate, 16804,(^4)2804, 6H2O, acidified with a little dilute 
sulphuric acid. (Solutions of ferrous salts are pale green due 
to the presence of the [Fe(H20)e] ^ or Fe + + ion. ) 

1. Sodium Hydroxide Solution; white precipitate of 
ferrous hydroxide Pe(OH)2 in the complete absence of air, 
insoluble in excess, but soluble in acids. Upon exposure to air, 
ferrous hydroxide is rapidly oxidised, yielding ultimately 
reddish-brown ferric hydroxide. Under ordinary conditions it 
appears as a dirty green precipitate ; the addition of hydrogen 
peroxide immediately oxidises it to ferric hydroxide. 

FeS04 + 2 ]SraOH = Fe(OH)2 + Na2S04; 

4Fe(OH)2 + 2H2O + O2 = 4Fe(OH)3 

2 . Ammonia Solution: precipitation of ferrous hydroxide 
occurs as in reaction i. In the presence of excess of ammonium 
chloride solution, the common ion effect (Section I, 14 ) of the 
ammonium ions lowers the concentration of the hydroxyl ions 
to such an extent that the solubility product of ferrous hydrox- 
ide Fe(OH)2 is not attained and precipitation does not occur. 
Similar remarks apply to the other divalent elements of Group 
III, nickel, cobalt, zinc and manganese and also to magnesium. 

3 . Hydrogen Sulphide: no precipitation takes place in 

acid solution since the sulphide ion concentration, [8 ], is 

insufficient to exceed the solubility product of ferrous sulphide 
(see Sections I, 15 and I, 16). If the hydrogen ion concentra- 
tion is reduced, and the sulphide ion concentration correspond- 
ingly increased, by the addition of sodium acetate solution, 
partial precipitation of black ferrous sulphide FeS occurs. 

4 . Ammonium Sulphide Solution*: black precipitate of 
ferrous sulphide FeS, readily soluble in acids with evolution of 
hydrogen sulphide. The moist precipitate becomes brown 
upon exposure to air, due to its oxidation to basic ferric sul- 
phate Fe20 (804)2- 

FeS04 + NH4HS + NH3 = FeS + (NH4)2S04; 

FeS + 2 HC 1 = PeClg + HgS 

5 . Potassium Cyanide Solutionf : yeHowish-brown pre- 
cipitate of ferrous cyanide Fe(CN)2, soluble in excess of the 

* Colourless auimonium STUpMd© should be used for this test: it may be 
readily prepared by passing HgS into dilute NH 3 solution. 

f Very poisonous; in acid solution the volatile and highly poisonous hydro- 
gen cyanide HCN is produced. 
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precipitant forming a yellow solution of potassium ferro' 
cyanide K4[Fe(CN)6]. 

FeS 04 + 2 KCN = Ee(CN)2 + K2SO4; 

Fe(CN)2 + 4 KCN - K4[re((IIS^^^ 

Potassium ferrocyanide is a complex salt, and does not give the 
typical ferrous ion reactions with ammonium sulphide or sodium 
hydroxide solutions (compare Section I, 20) ; the iron present may 
be detected by first decomposing the compound by boiling with 
concentrated sulphuric acid (caution: poisonous carbon monoxide 
is evolved). 

K4[Fe(C]Sr)J + 6H2O + 6H2SO4 

= FeSO^ + 2 K 2 SO 4 + 3(NH4)2S04 + 6 CO 

6, Potassium Ferrocyanide Solution: in the complete 
absence of air, a white precipitate of potassium ferrous ferro- 
cyanide, K2Fe[Fe(CN)e], is produced. Under ordinary atmo- 
spheric conditions a pale blue precipitate is obtained ; partial 
oxidation to potassium ferric ferrocyanide, KFe^^^[Fe^^(CN)6], 
occurs. 

FeS04 + K4[Fe(CN)e] = K2Fe[Fe(CN)e] + K2SO4 

7 , Potassium Ferricyanide Solution: a dark blue pre- 
cipitate is produced. This was formerly termed Turnbull’s 
blue and was formulated as potassium ferrous ferricyanide, 
KFe^^[Fe^^^(CN)0]. It is now considered to be identical with 
Prussian blue, i.e. potassium ferric ferrocyanide, KFe^^^- 

[Fe^TOe]* 

FeS04 -f K3[Fe(CN)6] = KFe[Fe{CN) 6 ] + K2SO4 

The precipitate is decomposed by sodium or potassium hydrox- 
ide solution, ferric hydroxide being precipitated. 

8 , Ammonium Thiocyanate Solution: no coloration is 
obtained with pure ferrous salts (distinction from ferric salts). 

aa'-i^ipyridyl Reagent 



deep red complex bivalent cation [Fe(C5H4N)2] + + with ferrous salts in 
mineral acid solution. Ferric iron does not react. Other metallic ions 
react with the reagent in acid solution, but the intensities of the resulting 
coloms are so feeble that they do not interfere with the test for iron 
provided an excess of the reagent is employed. Large amounts of 
halides and sulphates reduce the solubility of the ferrous-dipyridyl 
complex and a red precipitate may be form^. 
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Treat a drop of the faintly acidified test solution with 1 drop of the 
reagent on a spot plate: a red coloration is obtained. Alternatively, 
treat drop-reaction paper (Whatman No. 3 MM., 1st quality) which 
has been impregnated with the reagent and dried, with a drop of the 
the test solution: a red or pink spot is produced. 

Sensitivity: 0*3’/ig. Fe + +. Concentration limit: 1 in 1,666,000, 

If appreciable quantities of ferric salts are present and traces of ferrous 
salts are sought, it is best to carry out the reaction in a micro crucible 
lined with paraffin wax and to fix the ferric iron as [FeFg]""- " by the 
addition of a few drops of potassium fluoride solution. 

The reagent is prepared by dissolving 0*01 g. of a a'-dipyridyl in 
0*6 ml. of alcohol or in 0*5 ml. of 0- IN -hydrochloric acid. 

Dimethylglyoxime Reagent: soluble red ferrous dimethyl - 
glyoxime in ammoniaeal solution. Ferric salts give no coloration, but 
nickel, cobalt and large quantities of copper salts interfere and must be 
absent. The test may be carried out in the presence of potassium 
cyanide solution in which nickel dimethylglyoxime (compare Section 
III, 25) dissolves. 

Mix a drop of the test solution with a small crystal of tartaric acid; 
introduce a drop of the reagent, followed by 2 drops of ammonia solu- 
tion. A red coloration appears. 

Sensitivity: 0*04 fig, Fe + +. Concentration limit: 1 in 125,000. 

The coloration fades on standing owing to the oxidation of the ferrous 
complex. 

If it is desired to detect ferric iron by this test, it must first be reduced 
by a little hydroxylamme hydrochloride. 

The reagent consists of a 1 per cent solution of dimethylglyoxime in 
alcohol. 

til. o«Phenanthroline Reagent 



red coloration, due to the complex cation [Fe(CiaIl 8 N 2 ) 3 ]’^'^ ^ faintly 
acid solution. Ferric iron has no efleot and must first be reduced to 
the ferrous state with hydroxylamine hydrochloride if the reagent is to 
be used in testing for iron. 

Place a drop of the faintly acid test solution on a spot plate and add 
1 drop of the reagent. A red colour is obtained. 

Concentration limit: 1 in 1,500,000, 

The reagent consists of a 0*1 per cent solution of o-phenanthroline 
in water. 

Ill, 20. REACTIONS OF THE FERRIC ION, Fe+++ 

Use a solution of ferric chloride, FeCl3,6H20. (All ferric 
solutions are yellowish-red or yeUowish-brown; the ferric ion, 
[Fe(H20)6] +++ or Fe++*, is pale violet in colour; hydrolysis 
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occurs in aqneons solution leading to yellow or brown com- 
plexes: 

Fe+++ + HgO ^ Fe(OH)++ 4- H+). 

1. Ammonia Solution: reddish-brown, gelatinous precipi- 
tate of ferric hydroxide Fe(OH) 3 , insoluble in excess of the 
reagent, but soluble in acids. 

The solubility product of ferric hydroxide is so small (1‘1 X 10“^®) 
that complete precipitation takes place even in the presence of 
ammonium salts (<hstinction from ferrous iron, nickel, cobalt, 
manganese, zinc and magnesium). Precipitation does not occur in 
the presence of certain organic acids (see reaction 8 below). Ferric 
hydroxide is converted on strong heating into ferric oxide; the 
ignited oxide is soluble with difficulty in dilute acids, but dissolves 
on vigorous boiling with concentrated hydrochloric acid. 

FeCla 4 SNHg 4 SHgO = Fe(OH)3 4 SNH^Cl; 

2 Fe(OH )3 = FegOg 4 

2. Sodium Hydroxide Solution : reddish-brown precipitate 
of ferric hydroxide, insoluble in excess of the reagent (distinction 
from aluminium and chromium). 

3. Hydrogen Sulphide: reduced to ferrous salt in the 
presence of acid, with separation of sulphur. 

2FeCl3 4 HgS = 2FeCl2 4 2HC1 4 S 

4. Ammonium Sulphide Solution*: black precipitate, 
consisting of ferrous sulphide and sulphur, from acid solutions. 
From alkaline solutions, a black precipitate of ferric sulphide 
Fe 2 S 3 is formed; this is readily soluble in dilute hydrochloric 
acid forming ferrous chloride and sulphur. 

2 FeCl 3 4 3 NH 4 HS 4 3 NH 3 = FegSs 4 6 NH 4 CI; 

FegSa 4 4HC1 = 2FeCl2 4 S 4 SHgS 

5. Potassium Ferrocyanide Solution: intense blue pre- 
cipitate of potassium ferric ferrocyanide (Prussian blue). 

FeClg 4 K 4 [Fe(CN) 6 ] = KFe[Fe( 

The precipitate is insoluble in dilute hydrochloric acid, but 
dissolves in oxalic acid solution, in concentrated hydrochloric 
acid, and also in a large excess of the precipitant with the 
production of a blue solution. It is decomposed by solutions 
of caustic alkalis with the formation of ferric hydroxide and a 
ferrocyanide. 


* Use colourless ammomum sulphide; see Seetioii III, 20, reaction 4. 
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6: Potassium Ferricyanide Solution: a brown coloration 
is produced, due to ferric ferricyanide Fe[Fe(CN)6] (distinction 
from ferrous salts). 

FeCls + K3[Fe(CN)6] == Fe[Fe(CN)6] + 3m 

Upon adding hydrogen peroxide or a little stannous chloride 
solution, a blue solution or precipitate (Prussian blue) is 
obtained : probably the ferricyanide is reduced to ferrocyanide 
and this then reacts with the ferric iron. 

7. Sodium Phosphate Solution: yellowish- white precipi- 
tate of ferric phosphate FeP04, readily soluble in mineral acids, 
but insoluble in acetic acid. 

FeClg + Na2HP04 = FeP04 + HCl + 2NaCl (i) 

HCl Na 2HP04 = NaH2P04 + NaCl (ii) 

FeCls -f- 2Na2HP04 = FeP04 + 3NaCl + NaH2P04 (hi) 

It is evident from the equations that for the complete precipita- 
tion of iron as phosphate it is necessary to use excess of the reagent 
to react with the liberated hydrogen chloride. This is avoided by 
the addition of excess of sodium acetate solution, since acetic acid 
is produced {equation (iv)} in which ferric phosphate is insoluble, 
and precipitation is quantitative. 

Na.CaHaOa + HCl == H.CjjHgOa + NaCl (iv) 

The net result is : 

FeClg + Na2HP04 4- Na.CaHgOa = FeP04 -f B.C^HgOg + 3NaCl 

8. Sodium Acetate Solution: reddish-brown coloration, 
attributed variously to ferric acetate Fe(G2H302)3 or to the 
complex ion [Fe(0C2H302)6]””~~ or to colloidal ferric hydrox- 
ide; upon largely diluting and boiling the solution, the iron is 
precipitated as basic ferric acetate Fe(0H)2.C2H302. 

FeClg 4- 3Na.C2H302 = 3HaCl + Fe(C2H30 

Fe{C 2 H 302)3 + 2H2O = Fe(0H)2.C2H302 + 2H.C2H3O2 

Reactions 7 and 5 are combined for the removal of the phosphate radical 
from solutions in which it interferes with the normal course of analysis (see 
Section VIII, 2 ); they are also affected by the presence of organic acids 
(tartaric, citric, sulphosalicylic and malic acids) and by polyhydric alcohols 
(^• 9 * glycerol, mannitol, various sugars), and special procedures must be 
adopted in the ordinary course of analysis when these are present (see 
Chapter VIII). 

9 . Cupferron Reagent {the ammonium salt of nitroso- 
phenylhydroxylamme, C6HgN(NO)ONH4}: reddish-brown 
precipitate in the presence of hydrochloric acid. No precipi- 
tate is given by the salts of aluminium and chromium under 
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tEese conditions, i.e. in strongly acid solution. The precipi- 
tate is soluble in ether, is insoluble in acids, and on treatment 
with aqueous ammonia solution is converted into ferric hy- 
droxide. 

FeCIg + 3C6H5N(N0)0NH4 = SNH^Cl + [CeH5N(N0)0]3Fe 

The reagent is prepared by dissolving 2 grams of the soHd in 100 
ml. of distilled water, but does not keep well. It is recommended 
that a piece of ammonium carbonate be placed in the stock bottle; 
this enhances the stability. 

10, Ammonium Thiocyanate Solution: deep red colora- 
tion (diJfference from ferrous salts). The coloration was formerly 
attributed to undissociated ferric thiocyanate, but is now 
known to be due to the ferri-thiocyanate ion, [Fe(SCN)]+‘+^. 
The reaction is a reversible one and hence the sensitivity is 
increased by the addition of excess of the reagent. The ferri- 
thiocyanate ion is more soluble in ether and in amyl alcohol 
than in water; accordingly upon shaking with either of these 
solvents the red colour passes into the organic layer. Phos- 
phates, arsenates, borates, iodates, sulphates, acetates, oxa- 
lates, tartrates, citrates and the corresponding free acids 
interfere with the test. 

The organic acids form complex ions of the type : 

+ + + + 3 C 2 O 4 ""’ ^ [Fe(C204)3] ; 

Fluorides and mercuric chloride bleach the colour because of 
the formation of the ferrifluoride [FeFe]~’”“' ion and the slightly 
dissociated mercuric thiocyanate Hg(SCN )2 respectively. 

Fe+++ + SCN'^ ^ [Fe(SCN)]++ 

2[Fe(SCN)]++ + HgOlg ^ 2Fe+++ + Hg(SGIN )2 -h 201" 

The presence of nitrites should be avoided, for in acid solution 
they form nitrosyl thiocyanate NO . SON which yields a red 
colour, disappearing on heating, similar to that with ferric iron. 

t The reaction is well adapted as a spot test and may be carried out 
as follows. Place a drop of the test solution on a spot plate and add 
1 drop of 1 per cent ammonium thiocyanate solution. A deep red 
coloration appears. 

Sensitivity: 0*25 /ig. Fe+ + +^ Concentration limit: 1 in 200,000. 

Coloured salts, e.gr. those of copper, chronuum, cobalt and nickel, reduce 
' the ' sensitivity of t^ 

. i\ile 
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fii 7-IodG-8-hydroxyquinoline-5-siilpbonic Acid (or Ferron) 
■ Reagent 



green or greenish-blue coloration with ferric salts in faintly acid solution 
(pS. 2*5~3*0). Ferrous iron does not react: only copper interferes. 

Place a few drops of the slightly acid test solution in a micro test-tube 
and add 1 drop of the reagent. A green coloration appears. 

Sensitivity: 0*5 /xg. Concentration limit: 1 in 1,000,000. 

The reagent consists of a 0*2 per cent aqueous solution of 7-iodo-8- 
hydroxyquinoline-6-sulphonic acid. 


Reduction of ferric to ferrous compounds. — This may 
be accomplished by nascent hydrogen (e.^. from zinc and dilute 
hydrochloric or sulphuric acid), hydrogen sulphide, sulphur 
dioxide, stannous chloride, hydriodic acid, hydroxylamine 
hydrochloride or hydrazine sulphate. 

FeClg + H == FeClg + HCl; 

2FeCl3 + SO2 + 2H2O = 2FeCl2 + H2SO4 + 2HC1; 

2reCl3 4- SnClg = 2FeCl2 + SnGl4 ; 

2FeCl3 + 2HI 2FeCl2 + 12 + 2HCi 


Oxidation of ferrous to ferric compounds.— Oxidation 
occurs slowly upon exposure to air. Rapid oxidation is effected 
by concentrated nitric acid, hydrogen peroxide, concentrated 
hydrochloric acid and potassium chlorate, aqua regia, potas- 
sium permanganate, potassium dichromate and ceric sulphate 
in acid solution. 

SFeClg + 3HC1 + HNOg = aFeClg + 2 H 2 O + NO; 

2KMn04 + 10FeSO4 + 8H2SO4 

= 5Fe2(S04)3 + K 2 SO 4 + 2 MnS 04 + SHgO; 

KgCrsOy + 6FeS04 + 8H2SO4 

= 3Fe2(S04)3 + 2KHSO4 + 012(804)3 + 7H2O 

Distinctive tests for ferrous and ferric salts. — These 
are summarised in the following table. The solution should 
be slightly acid with hydrochloric acid. 
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Reagent 



Ferrous salt 

Ferric salt 

Potassium ferro- 
cyanide solution. 

Potassium ferri- 
cyanide solution. 

Ammonium thio- 
cyanate solution. 

Ammonia solu- 
tion. 

White or pale-blue 
precipitate. 

Deep-blue precipi- 
tate. 

No coloration in 
complete absence of 
ferric salts. 

White to greenish- 
white precipitate. 

Deep-blue precipitate 
(Prussian blue). 

No precipitate; 
brown coloration. 
Deep-red coloration, 
discharged by mer- 
curic chloride solu- 
tion. 

Reddish-brown pre- 
cipitate. 


Dry Tests 

(i) Blowpipe Wlien iron compounds are heated on 

charcoal with sodium carbonate, grey metallic particles of iron 
are produced; these are ordinarily difficult to see, but can be 
separated from the charcoal by means of a magnet. 

(h) Borax bead test . — ^With a small quantity of iron, the bead 
is yellowish-brown while hot and yellow when cold in the 
oxidising flame,* and pale green in the reducing flame. 

Aluminium, A1 

Aluminium is a white, ductile and malleable metal; the powder 
is grey. The metal is little affected by cold dilute sulphuric acid, 
but dissolves readily in the hot concentrated acid with the evolution 
of sulphur dioxide. Nitric acid renders the metal passive; this 
may be due to the formation of a protective film of oxide. It is 
readUy soluble in hydrochloric acid (dilute and concentrated) with 
the evolution of hydrogen. Very pure aluminium, however, dis- 
solves slowly in concentrated hydrochloric acid, but solution can be 
accelerated by adding a little mercuric chloride solution. With 
caustic alkalis a solution of an aluminate is formed, 

2A1 -f 4H2SO4 = Al2{S04)s + BO2 + 2H2O; 

2A1 + 6HC1 = 2AICI3 + 3H2; 

2A1 4- 2NaOH -f 2HaO = 2Na[A102] + 

Aluminium forms only one series of salts derived from the oxide 
•^^203* 

III, 21. REACTIONS OF THE ALUMINIUM ION, A1++ + 

Use a solution of aluminium sulphate, Al2(S04)3,18H20, 
or of potash alum, K2S04,Al2{S04)3,24H20. (Ail aqueous 

♦ With large quantities of iron, the bead is reddish-brown in the oxidising 
flame. 
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solutions of alnminixim salts are colourless, due to the colourless 
[A1(H20)6] +++ or A 1 +++ ion.) 

1. Ammonia Solution: white gelatinous precipitate of 
aluminium hydroxide A1(0H)3, slightly soluble in excess of the 
reagent. The solubility is decreased in the presence of ammo- 
nium salts owing to the common ion effect (Section I, 14). A 
small proportion of the precipitate passes into solution as 
colloidal aluminium hydroxide (aluminium hydroxide sol): the 
sol is coagulated on boiling the solution or upon the addition 
of soluble salts (g.gr. ammonium chloride) yielding a precipitate 
of aluminium hydroxide, known as aluminium hydroxide geL 
To ensure complete precipitation with ammonia solution, the 
aluminium solution should contain excess of ammonium 
chloride, the ammonia solution is added in slight excess and the 
mixture boiled until the liquid has a slight odour of ammonia. 
When freshly precipitated, it dissolves readily in strong acids 
and bases, but after boiling it becomes difficultly soluble. 

Al2(S04)3 -f- GlSTEEg -f- 61120 == 2A1(0II)3 -j- 3(lSrH[^)2S04. 

2. Sodium Hydroxide Solution: white precipitate of 
aluminium hydroxide A1(0H)3, soluble in excess of the reagent 
with the formation of sodium aluminate Na[A102]. 

A1(0H)3 + NaOH ^ NaLAlOg] + 2H2O 

The reaction is a reversible one (compare Section 1, 16), and 
any reagent which will reduce the hydroxyl ion concentration 
sufficiently should cause the reaction to proceed from right to 
left with the consequent precipitation of aluminium hydroxide. 
This may be effected with a solution of ammonium chloride 
(the hydroxyl ion concentration is reduced owing to the forma- 
tion of the weak base ammonia, which can be readily removed 
as ammonia gas on heating) or by the addition of acid; in the 
latter case a large excess of acid causes the precipitated hydrox- 
ide to re-dissolve. 

Na[A102] +NH4CI + H2O - A1(0H)3 

Na[A102] + HCl -f HgO = A1(0H)3 + NaCl; 

A1{0H)3 + 3Hei ^ AICI3 + 3H2O 

The precipitation of aluminimn hydroxide by solutions of sodium hydroxide 
and ammonia does not take place in the presence of tartaric acid, citric acid, 
sulphosalicylic acid, malic acid, sugars and other organic hydroxy compounds, 
due to the formation of soluble complex salts. These organic substances 
must therefore be decomposed by gentle ignition or by evaporating with 
concentrated sulphuric or nitric acid before aluminium can be precipitated 
in the ordinary course of qualitative analysis. 
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S. Ammonium Sulphide Solution*: white precipitate of 
aluminium hydroxide. The sulphide of aluminium is com- 
pletely hydrolysed in the presence of water (compare Section 
I, 40); it exists only in the dry condition. 

2AICI3 + 3NH4HS + 3NH3 + 6H2O 

= 2A1(0H)3 + SHgS + 6NH4CI 
AI2S3 + 6H2O = 2A1(0H)3 -f 3H2S 

4. Sodium Acetate Solution: no precipitate is obtained 
in cold neutral solutions, but on boiling with excess of the 
reagent, a voluminous precipitate of basic aluminium acetate 
A1(0H)2 . C2H3O2 is formed. 

Al2{S04)3 + 6Na.C2H302 = 2A1(G2H302)3 + 3Na2S04; 

Ai(C2H302)3 + 2H2O ^ A1(0H)2 . C2H3O2 + 2H . C2H3O2 

5. Sodium Phosphate Solution: white gelatinous precipi- 
tate of aluminium phosphate AIPO4, insoluble in acetic acid, 
but soluble in mineral acids and in solutions of caustic alkalis. 

Al2(S04)3 + 2Na2HP04 = 2AIPO4 + 2Na2S04 + H2SO4 ; 

H2SO4 -f 2Na2HP04 = 2NaH2P04 + ^2804; 

“a 12(S04)3 + 4Na2HP04 = 2AIPO4 + 3Na2S04 + 2NaH2P04 
AIPO4 + 4 NaOH = ISra[A102] + Na3P04 -f 2H2O 

6. Sodium Carbonate Solution: white precipitate of 
aluminium hydroxide, soluble in excess of the precipitant. 
This is usually attributed to the complete hydrolysis of 
the initially formed aluminium carbonate, but may be also 
explained as due to the hydroxyl ions produced by the hydro- 
lysis of the alkali carbonate. 

Al2(S04)3 + SNasCOg == Al2(C03)3 + 3Na2S04; 

Al2(C03)3 + 6H2O = 2A1(0H)3 + 3H2CO3 

2A1{0B:}^ -f NagCOg = 2Na[A102] + CO 2 + SHgO 

7. “Aluminon’^ Reagent (a solution of the ammonium 
salt of aurine tricarboxylic acid, C22H14O9 f) : this dyestuff is 

* Use colourless ammonium sulphide: see Section III, 19, Note 4. 

t The constitutional formula of ■‘aluminon” is: 



JOONH, 
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strongly adsorbed by aluminium hydroxide giving a bright red 
adsorption complex or ''lake.’’ The test is applied to the 
precipitate of aluminium hydroxide obtained in the usual 
course of analysis, since certain other elements interfere. 
Dissolve the aluminium hydroxide precipitate in 2 ml. of Jf 
hydrochloric acid, add 2 ml. of 3 if ammonium acetate solution 
and 2 ml. of 0*1 per cent aqueous solution of the reagent. 
Shake, allow to stand for 5 minutes, and add excess of 
ammoniacal ammonium carbonate solution to decolourise the 
excess of the dyestuff and lakes due to traces of chromic 
hydroxide and silica. A bright red precipitate (or coloration), 
persisting in the alkaline solution, is obtained. 

Iron interferes with the test and should be absent. Chromium forms a 
similar lake in acetate solution, but this is rapidly decomposed by the addition 
of the ammoniacal ammonium carbonate solution. Beryllium gives a lake 
similar to that formed by aluminium. Phosphates, when present in conaider- 
ctfeZe quantity, prevent the formation of the lake. It is then best to precipitate 
the aluminium phosphate by the addition of ammonia solution; the resultant 
precipitate is redissolved in dilute aeid, and the test applied in the usual way. 

The reagent is prepared by dissolving 0*25 grams of "aluminon” 
in 250 ml. of water. 

Alizarin Reagent 



red lake with alurninium hydroxide. 

Soak some quantitative filter (or drop-reaction) paper in a saturated 
alcoholic solution of alizarin and dry it. Place a drop of the acid test 
solution on the paper and hold it over ammonia fumes until a violet 
colour (due to ammonium alizarinate) appears- In the presence of 
large amounts of aluminium, the colour is visible almost immediately. 
It is best to dry the paper at 100® when the violet colour due to ammo- 
nium alizarinate disappears owing to its conversion into anamonia and 
alizarin: the red colour of the alizarin lake is then clearly visible. 

Sensitivity: 0*15 ftg. AL Concentration limit: 1 in 333,000, 

Iron, chromium, uranium, thorium, titanium and manganese inter- 
fere, but this may be obviated by using paper previously treated with 
potassium ferrocyanide. The ions are thus “feed” on the paper as 
insoluble ferrocyanides, and the aluminium solution diffuses beyond as 
a damp ring. Upon adding a drop of a saturated alcoholic solution of 
alizarin, exposing to ammonia vapour and drying, a red ring of the 
alizarin-aluminium lake forms round the precipitate. Uranium ferro- 
cyanide, owing to its slimy natwe, has a tendency to spread outwards 
from the spot and thus obscure the aluminium lake; this difficulty is 
surmounted by dipping the paper after the alizarin treatment in 
ammonium carbonate solution which dissolves the uranium ferrocyanide. 
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Alizarin-S (or Sodium Alizarin Sulphonate) Reagent 



red precipitate or lake in ammoniacal solution, which is fairly stable to 
dilute acetic acid. 

Place a drop of the test solution (which has been treated with just 
sufficient of N sodium hydroxide solution to give the aluminate ion 
[A 102 ]~) on a spot plate, add 1 drop of the reagent, then drops of acetic 
acid xmtil the violet colour just disappears and 1 drop in excess. A red 
precipitate or coloration appears. 

Sensitivity: 0*7 /xg. Al. Concentration limit: 1 in 80,000. 

A blank test should be made on the sodium hydroxide solution. Salts 
of Cu, Bi, Fe, Be, Zr, Ti, Co, Ce, rare earths, Zn, Th, U, Ca, Sr and 
Ba interfere. 

The reagent consists of a 0* 1 per cent aqueous solution of alizarin-S. 


fid. O^inalizarin (or 1 :2 :5 : 8-Tetrahydroxy-anthraquinone) 
Reagent 

OH OH 



red precipitate or coloration under the conditions given below. 

Place a drop of the test solution upon the reagent paper; hold it for 
a short time over a bottle containing concentrated ammonia solution 
and then over glacial acetic acid until the blue colour (ammonium 
quinalizarinate) first formed disappears and the unmoistened paper 
regains the brown colour of free quinalizarin. A red- violet or red spot 
is formed. 

Sensitivity: 0*005 /xg. Al (drop of 0*1 ml.)* 

Concentration limit: 1 in 3,000,000. 

The reagent paper is prepared by soaking quantitative filter paper 
in a solution obtained by dissolving 0*01 g. of quinalizarin in 2 ml. of 
pyridine and then diluting with 20 ml. of acetone. 


Dry Tests 

(i) Blowpipe test . — ^Aluminium componnds when heated with 
sodium carbonate upon charcoal in the blowpipe flame give a 
white infusible solid, which glows when hot. If the residue be 
moistened with one or two drops 6f cobalt nitrate solution and 
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again heated, a bine infusible mass (Thenard’s bine, or cobalt 
meta-alnminate) is obtained. It is important not to nse an 
excess of cobalt nitrate solution since this yields black cobalt 
oxide C03O4 upon ignition, which masks the colour of the 
Thenard’s blue. 

2AI2O3 + 2Co(N03)2 = 2C0AI2O4 + 4NO2 + O2 

An alternative method for carrying out this test is to soak 
some ashless filter paper in aluminium salt solution, add a drop 
or two of cobalt nitrate solution and then to ignite the filter 
paper in a crucible; the residue is coloured blue. 

Chromium, O 

Chromium is a white crystalline metal and is not appreciably 
ductile or malleable. The metal is soluble in hydrochloric acid 
yielding the blue chromous chloride CrCl2 if air is excluded, other- 
wise chromic chloride CrCls is formed; hydrogen is evolved. Dilute 
sulphuric acid reacts similarly forming chromous sulphate CrS04 in 
the absence of air, and chromic sulphate 012(804)3 in the presence 
of air. Concentrated sulphuric acid, dilute and concentrated nitric 
acid induce passivity. 

The normal oxide of chromium is the green sesquioxide Cr203, 
from which the chromic salts may be regarded as derived. 
Chromous salts, corresponding to the oxide CrO, are extremely 
readily oxidised in air to chromic salts; the former are rarely en- 
countered in elementary qualitative analysis and will therefore not 
be considered here. An acidic oxide, chromium trioxide CrOa, 
forming red deliquescent crystals, is known : this gives rise to the 
coloured chromates (e.g. K2Cr04 or K20,Cr03) and dichromates {e.g, 
K2Cr207 or K 20 , 2 Cr 03 ), which are discussed in Section IV, 33. 

Ill, 22. REACTIONS OF THE CHROMIC ION, Gr^++ 

Use a solution of chrondc chloride, CrCl3,6H20, or of chrome 
alum, K2S04,Cr2(S04)3,24H20. (Chromic salts are either 
green or violet in solution.*) 

1 . Ammonia Solution; grey-green to grey-blue gelatinous 
precipitate of chromic hydroxide Cr(OH)3, slightly soluble in 
excess of the precipitant in the cold forming a violet or pink 
solution containing complex chrome-ammines; upon boiling 
the solution, chromium hydroxide is precipitated. Hence for 
complete precipitation of chromium as the hydroxide, it is 

* Acid solutions, other than chlorides, contain the violet ion [Cr(HgO)Q]+++ 
or Cr+++. Solutions of chromic chloride are green, due to the formation of 
such complex ions as [Cr{H 30)501]++ and [Cr(H 30)401 3]+. 
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essential that the solution be boiling and excess of aqueous 
ammonia solution be avoided. 

Cr(OH)3 + 6NH3 = [Cr{^^^ 

In the presence of acetate ions and the absence of other tri- 
valent metal ions, chromic hydroxide is not precipitated. The 
precipitation of chromic hydroxide is also prevented by tar- 
trates and by citrates. 

2. Sodium Hydroxide Solution: precipitate of chromic 
hydroxide, readily soluble in acids and also in excess of the 
precipitant in the cold forming a green solution containing 
sodium chromite Na[Cr02]. Upon boiling the latter solution, 
hydrolysis occurs and the chromium is almost quantitatively 
re-precipitated as the hydroxide (distinction from aluminium). 

(ki(^ 

If hydrogen peroxide is added to the sodium chromite solution, 
a yellow solution of sodium chromate is produced, which may 
be identified by the ^'perchromic acid^’ reaction (Section IV, 33, 
reaction 4 ; reaction 6 below) or by the diphenyl-carbazide 
reagent (Section IV, 33, reaction 9 ). 

2Na[Cr02] + SHaOg + 2NaOH = 2Na2[Cr04] + 4H^ ; 

3 . Ammonium Sulphide Solution or Sodium Carbonate 
Solution ; precipitate of chromic hydroxide. The explanation 
is similar to that given under Aluminium (Section III , 21, 
reactions 3 and 6). Chromium sulphide is completely hydro- 
lysed in aqueous solution. 

4. Sodium Acetate Solution : no precipitate even on 
boiling the solution. 

In the presence of considerable amounts of iron and aluminium salts, the 
precipitate of basic acetates obtained on boiling contains the basic acetate 
Cr(OH) 2 . CgHgOg. If the chromium is present in excess, only a fraction of all 
the metals will be precipitated as basic acetates, whilst some aluminium, iron 
and chromium will remain in the jSltrate. The basic acetate method of 
separation (see Section VIII, 2) is therefore uncertain in the presence of a 
large concentration of chromium. 

The precipitation of chromic hydroxide is prevented by the presence of 
certain organic compounds in solution (see under Aluminium, Section III, 21, 
reaction 6). 

5 . Sodium Phosphate Solution: green precipitate of 
chromium phosphate 0rPO4, soluble in mineral acids, but 
practically insoluble in cold dilute acetic acid. 

CrCls + 2Na2HP04 = CrP04 + 3NaCl + NaH2P04 
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6, Oxidation to Chromate Test, — yellow solution of a 
chromate is produced by adding excess of sodium hydroxide 
solution to a solution of a chromic salt, followed by a few ml. 
of 6 per cent (''20-volume’’) hydrogen peroxide, and then 
boiling the resulting mixture for 2-3 minutes. Alternatively, 
the oxidation may b^e conducted by adding a little solid sodium 
perborate NaBOgjfflaO and boiling for a few minutes. 

2CrCl3 + 3H2O2 + lONaOH = 2Na2Cr04 + ONaCl + SHgO 
NaBOa + HgO ^ NaBOg + H2O2 

The chromate is identified : 

(а) By adding 2-3 ml. of amyl alcohol, acidifying with dilute 
sulphuric acid, and then adding a little hydrogen peroxide 
when it will be found that the organic layer is coloured blue, 
due to the dissolution of the unstable chromic peroxide (often 
erroneously called "perchromic acid”). Long usage, however, 
appears to have established the use of the term "perchromic 
acid” in the hydrogen peroxide test. 

Il2Cr207 -j" 4H2^2 ^ 2Cr05 -h fill20 

(б) By acidifying with acetic acid and adding barium chloride 
and sodium acetate solution when a yellow precipitate of 
barium chromate is formed. 

Note, — ^Formerly sodium peroxide was employed to effect the 
oxidation. The sodium peroxide must be added to the cold solution : 
in hot solution it reacts almost explosively. The use of sodium 
peroxide is not recommended. 

t7. Test with Diphenylcarbazide Reagent after Conversion into 
Chromate. — Chromic chromium may be converted into chromate: 

(i) by oxidation with bromine water m the presence of alkali {i,e, by 
hypobromite) ; the excess of bromine is rendered inactive by the 
addition of phenol which gives tribromophenol — 

2Cr + + + + 30Br“ + lOOH" = 2 Cr 04 "'~ + SBr” + 

(li) by heating in acid solution with an alkali persulphate in the 
presence of a trace of a silver salt, which acts as a catalyst in accelerating 
the oxidation — 

2Cr+ + + + 3S208“~ 4- 8HgO = 2 Cr 04 "'" 4 16H+ 4 

Large quantities of halides must be absent as they prevent the catalytic 
action of the silver ions. 

(iii) As detailed in reaction d. 

Solutions of chromates in dilute mineral acids give a soluble violet 
compound with the diphenylcarbazide reagent. 
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Place a drop of the test solution in mineral acid on a spot plate, 
introduce a drop of saturated bromine water followed by 2-3 drops of 
2JV-potassium hydroxide (the solution must be alkaline to litmus). 
Mix thoroughly, add a crystal of phenol, then a drop of the diphenyl - 
carbazide reagent, and finally 2iV-sulphuric acid dropwise until the red 
colour (from the reaction between diphenylcarbazide and alkali) dis^ 
appears. A blue-violet coloration is obtained. 

Sensitivity: 0*25 ^ag. Cr. Concentration limit: 1 in 2,000,000. 

Copper, manganese, nickel and cobalt salts interfere in this procedure 
because of their precipitation by the alkali. 

Alternatively, mix a drop of the acidified test solution on a spot 
plate with a drop of saturated potassium persulphate solution and a 
drop of 2 per cent silver nitrate solution, and allow to stand for 2-3 
minutes. Add a drop of the diphenylcarbazide reagent. A violet or 
red colour is formed. 

Sensitivity: 0*8 ft-g. Cr. Concentration limit: 1 in 600,000. 

Manganese ions interfere (oxidised to permanganic acid) as do also 
mercuric salts, molybdates and vanadates, which give blue to violet 
compounds with the reagent in acid solution. The influence of molyb- 
dates can be eliminated by the addition of saturated oxalic acid solution 
thereby forming the complex HgEMoO 3(0204)]. 

The reagent consists of a 1 per cent solution of diphenylcarbazide in 
alcohol. 

1 : 8-Dihydroxynaphthalene-3 : 6-disulphonic Acid (or 
Chromotropic Acid) Reagent 



red coloration (by transmitted light) with an alkali chromate in the 
presence of nitric acid. Chromic salts may be oxidised with hydrogen 
peroxide and alkali to chromate, and then acidified with nitric acid 
before applying the test. The nitric acid serves to eliminate the 
infiuence of Fe, U and Ti, which otherwise interfere. 

Place a drop of the test solution in a semimicro test-tube, add a 
drop of the reagent, a drop of dilute nitric acid (1 : 1), and dilute to 
about 2 ml. Chromates give a red coloration: this is best observed 
with a white light behind the tube. 

The reagent consists of a saturated solution of chromotropic acid in 
water. 

Concentration limit: 1 in 6,000. 

•Dry' Tests 

(i) Blowpipe test,— AH chromium compounds when heated 
with sodium carbonate on charcoal yield a green infusible mass 
of chromium sesquioxide Cr203. 
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(ii) Borax bead bead is coloured green in both the 

oxidising and reducing flames, but is not very eharacteristic. 

(iii) Fusion with sodium carbonate and potassium nitrate in 
a loop of platinum wire or upon platinum foil or upon the lid 
of a nickel crucible results in the formation of a yellow mass 
of alkali chromate. 

Cr 2 (S 04)3 + SNagCOg + 3 KNO 3 

- 2Na2Cr04 + 3 KNO 2 + BNagSO^ + 5 CO 2 

BETEOTION AND SEPABATION OF THE METALS IN THE IRON GROUP 

(GROUP rHA) 

In the followiag table it is assumed that the metals of Groups I 
and II, if present, have been removed as already described, or that 
only metals of Group IIIA are present; in the former case, it will be 
necessary to boil off any hydrogen sulphide present (test fumes with 
lead acetate paper). As in previous instances, the student should 
make up for himself, or procure from the teacher, a solution con- 
taining some or all of the metals of the group. Phosphates, borates, 
silicates and organic acids are assumed to be absent. For satis- 
factory precipitation with the group reagent aq. NH3 and NH4CI, 
all of the three metals must be present as trivalent cations. It is 
therefore necessary to test the solution for ferrous iron with potas- 
sium ferricyanide solution and, if this is present, it must first be 
oxidised to the ferric state by boiling the solution with a little 
concentrated nitric acid. 

It should be mentioned that manganese (a member of Group 
IIIB; for reactions, see Section III, 26), when present in the man- 
ganous state, should not be precipitated in Group IIIA by excess 
of NH3 solution in the presence of excess of NH4CI: in practice, 
however, the manganous ion is slightly oxidised by exposure of the 
solution to air and accordingly some manganese may be precipitated 
as the hydrated dioxide Mn02,a:H20 by the group reagent. For 
this reason, provision is usually made for the detection of Mn in 
Group IIIA as well as in Group IIIB. 


[Tables, pp. 277 , 278 . 
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III, 23. Table IV. Analysis of the Iron Group (Group IIIA) 


* Add 1-1*5 grams of solid ammomnm chloride for each 10 ml. of 
solution, heat to boiling and add dilute NH3 solution slowly imtil the 
solution smells of ammonia, boil for 1-2 minutes, filter rapidly and wash 

with a little 1% 3^401 solutio^^ 


Residue. (T) May contain Fe{OH)3, Al(OH)3, Cr(OH)3 
and a little MnOgjirHgO.t Pierce a hole in the filter paper 
with a glass rod and wash it into a small evaporating basin or 
into a small beaker with the aid of about 10 ml. of water. 
Treat the suspension with about 2 grams of sodium perborate 
NaB03,4H20 {or with excess of NaOH solution, followed by 
5 ml. of 3% H2O2 solution). Boil gently until the evolution 
of O2 ceases (2-3 minutes). Filter and wash with a little hot 
water or 2% ]SrH4N03 solution. 


Filtrate. 

Reject. 


Residue. May contain Fe(OH)3 
and MnOg -icHgO. 

Either — Dissolve a small portion 
of the ppt. in 1 ml. of dilute HNO3 
(1:1) with the aid, if necessary, 
of 3-4 drops of 3% HgO 2 or of 1 
drop of saturated HgSOa solution. 
Boil (to decompose H2O2), cool 
thoroughly, add 0*02 gram of 
NaBiOa, shake and allow the solid 
to settle. 

Violet solution of HMn04. 

Mn present. 

Or — ^Dissolve a little of the ppt. 
in 2-3 ml. of dilute HNO3 (1:1) 
with the aid of a few drops of 3% 
if necessary. Add 0*5 gram 
of Pb304, boil gently for 2 minutes 
and allow to settle. 

Violet solution of HMn04. 

Mn present. 

Dissolve another portion of the ' 
ppt. in a little dilute HOI (filter, if J 
necessary). ! 

Either — ^Add a few drops of 
KSCN solution. 

Deep red coloration. 

Fe present. 

Or — ^Add K4[Fe(CN)Q] solution. 

Blue ppt. 

Fe present. 

The original solution or sub- 
stance should be tested with 
K4[Fe(CK')J and with KSCH to 
determine whether Fe++ or 
Fe+ ++. : : v 


Filtrate. May contain ISra2Cr04 
(yellow) or NaA102 (colourless). 
If colourless, Or is absent and need 
not be considered further. If the 
solution is yellow, Cr is indicated. 

Divide the liquid into three 
parts. (Use test (i) or (ii).) 

(i) Acidify with acetic acid, and 
add lead acetate solution. 

Yellow ppt. of PbCr04. 

Gr present. 

(ii) Acidify 2 ml. with dilute 
HNO3, cool well, add 1 ml. of amyl 
alcohol, and then 4 drops of 3% 
H2O2 solution. Shake well and 
allow the two layers to separate. 

Blue upper layer (containing 
“perchromic acid”; it does not 
keepwell). 

Cr present. 

(iii) Acidify with dilute HCl (test 
with litmus paper), then add dilute 
3SIH3 solution until just alkaline. 
Heat to boiling. Filter. 

White gelatinous ppt. of 
A1(0H)3. 

Al present. 

Confirm Al thus : dissolve a small 
portion of the ppt. in 1 ml. of dilute 
HCl. Cool, add 1 ml. of 10% 
ammonium acetate solution and 
0*5 ml. of the “aluminon” reagent. 
Stir the solution and render basic 
with ammonium carbonate solu- 
tion. A red ppt. confirms the 
presence of Al. 


* If a ferrous salt is known to be present, it must first be oxidised to the 
ferric state by warming with a little HNO 3, otherwise the precipitation of 
iron will be incomplete. 

t Small quantities of manganese, if present, are often precipitated at this 
stage. It is therefore best to provide for the identification of Mn in Group 
IIIA as well as in Group IIIB. 
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III, 23. Table SMIV. Analysis of the Iron Group 
(Group IIIA) 

* Add 0-2 gram of solid MHjCa (or 1 nol. of 20% NH,01 solution), 

followed by dilute ISTHg solution, until precipitation seems complete and 
the solution is aimnoniacal, and then add a further 0*5 ml. Warm on a 
water bath with stirring for 1-2 minutes. Centrifuge. 

Residue. (T) Wash with a little dilute aq. NHg and 
reject the washings. The ppt. may contain Fe(OH) 3, 

A1(0H)3, Cr( 011)3 and a little MnOg.rrHgO. Transfer the 
ppt. to a semimiero boiling tube with the aid of 2 ml. of 
NaOH solution: add 1 ml. of 3% HgOg solution or ca, 0*2 
gram of sodium perborate, NaBOgjfflgO. Boil gently 
until the evolution of Og ceases (about 1 minute). Trans- 
fer the mixture with the aid of a little water to a centrifuge 
tube. Centrifuge. 

Residue. May contain Fe(OH) 3 Centrifugate (A). May contain 
and MnOgj^HgO. Wash with a NaAlOg and ]Sra2Cr04: the latter is 
few drops of hot water or 2% indicated by the yellow colour of 
NH4NO3 solution and add wash- the solution. Divide the solution 
ings to J.. into 2 parts. 

Dissolve the ppt. in 0*5 ml. of (i) Either — ^Acidify with dilute 
dilute HNOg and, if necessary, 2 acetic acid and add 1 drop of lead 
drops of 3% HgOg solution or acetate solution. 

1 drop of saturated H2SO3 solu- Yellow ppt. of FbCr04. 
tion. Warm on water bath to Gr present, 

decompose excess of HgOg. Or — ^Acidify with dilute HNO3. 
Divide the solution into 2 parts. Cool: add 0’3-0*5 ml. of amyl 

(i) Add 1 drop of K4[Fe(CK)3] alcohol and 2 drops of 3% HgOg 

solution. solution. Shake and allow the two 

Blue ppt. layers to separate. 

Fe present. Blue coloration of “perchromic 

The original solution or sub- acid” in upper layer, 
stance should be tested with Cr present. 

K4[Fe(CN)6] or KSCN to deter- The blue colour does not last 
mine whether Fe++ or Fe+++. long as the compound is unstable. 

(ii) Dilute with 1 ml. of water, (ii) Acidify with dilute HCl 

cool, add 10 mg. of NaBiOg, shake (litmus paper test) and then render 
and allow solid to settle. just basic with dilute aq. NHg, and 

Violet solution of HMn04. **^<1 1 drop in excess. Heat on a 

Mn present. water bath for 1 minute. 

White gelatinous ppt. of Al( OH) 3, 

A1 present. 

Confirm A1 thus; centrifuge, 
wash with a few drops of water, 
dissolve the ppt. in dilute HCl, 
add 0*3 ml. of ammonium acetate 
solution and 1 drop of the ‘‘alumi- 
non*’ reagent. Mix, allow to stand 
for 30 seconds, and render alkaline 
with ammoniacal ammonium car- 
bonate solution. A red ppt. con- 
firms Al. 

* If a ferrous salt is known to be present, it must be oxidised first to the 

ferric state by warming with a few drops of HISTOg, otherwise the precipitation 
of iron will be incomplete. 


Gentrifu-, 

gate. 

Reject. 
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THE ZINC GROUP (GROUP IIIB) ^ ^ 

Cobalt, Co 

Cobalt is a steel-grey, magnetic solid. It dissolves slowly in warm 
dilute hydrochloric or sulphuric acid, and more rapidly in nitric acid 
forming cobaltous compounds, which may be regarded as derived 
from cobaltous oxide CoO. Two other oxides exist: cobaltic oxide 
C02O3, corresponding to the extremely unstable cobaltic compounds, 
and cobaltous cobaltic oxide C03O4. All the oxides of cobalt dis- 
solve in acids yielding cobaltous salts. 

C02O3 + 6HC1 = 2C0CI2 -f CI2 4- 3H2O; 

C03O4 + 8HC1 = 3O0CI2 4- CI3 + 4H2O 

Many stable complex compounds containing trivalent cobalt, e.g. 
potassium cobaltinitrite K3[Co(N02)6] and potassium cobalti- 
cyanide K3[Co{CN)6], are known. 

Ill, 24. REACTIONS OF THE COBALTOUS ION, Co++ 

Use a solution of cobalt nitrate, Co(N03)2,6H20. (All 
aqueous solutions of cobaltous salts are pink, due to the 
presence of the [Co(H20)6] + + or Co + + ion.) 

1. Sodium Hydroxide Solution: a blue basic salt is pre- 
cipitated in the cold; upon warming with excess of alkali 
(sometimes merely upon addition of excess of the reagent), 
the basic salt is converted into pink cobaltous hydroxide 
Co(OH )2 but a small amount passes into solution. This hy- 
droxide is transformed into the brownish-black cobaltic 
hydroxide Co(OH)3 on exposure to the air, or by prolonged 
boiling of the aqueous suspension; the change takes place 
rapidly if an oxidising agent, such as sodium hypochlorite 
solution or hydrogen peroxide, is added. Cobaltous hydroxide 
is readily soluble in concentrated solutions of ammonium salts 
owing to the formation of complex salts; solutions of alkali 
hydroxides do not, therefore, precipitate cobaltous hydroxide 
from ammoniacal solution of cobalt salts nor from solutions 
containing citrates or tartrates. 

Co(N03)2 + NaOH = Co(0H)N03 + NaNOs; 

Co(OH)N 03 4- NaOH = Co(OH)2 4- NaNOg; 

2Co(OH)2 + H2 O + 0 = 2Co(OH)3 

Cobaltous hydroxide is slightly soluble in a large excess of concen- 
trated sodium hydroxide solution, but cobaltic hydroxide is insoluble. 

2. Ammonia Solution: precipitate of blue basic salt as in 
reaction 1, readily soluble in excess of the precipitant and in 
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solutions of ammonium salts. The brownisli-yeilow ammo- 
niacal solution turns red on exposure to air, more rapidly upon 
addition of Hydrogen peroxide; this is due to the formation of 
complex salts (cobalt-ammines). These are unaffected by 
alkali hydroxide solution. 

4 Co(OH)N 03 + 28NH3 + 6H2O + O2 

==4 [Co(NH 3)6](OH)3+4^^ 

The precipitation of cobaltous hydroxide does not take place in the presence 
of certain organic acids and organic hydroxy compounds, as in the case of 
alnmimum (Section III, 21, reaction 2). 

3. Ammonium Sulphide Solution*: black precipitate of 
cobalt sulphide CoS from neutral or alkaline solutions, in- 
soluble in excess of the reagent, in acetic acid and in very 
dilute hydrochloric acid (ca. N), but is readily soluble in hot 
concentrated nitric acid and in aqua regia with the separation 
of sulphur. 

Co(N03)2 4- NH4HS + NH3 = CoS + 2NH4NO3 

3CoS + 8HNO3 = 3 Co(N03)2 + 2NO + 3S +4H2O 

4 . Potassium Cyanide Solution: reddish-brown precipi- 
tate of cobaltous cyanide Co(CN) 2, soluble in excess of the 
reagent to form a brown solution containing potassium cobalto- 
cyanide K4[Co(CN)6], analogous to potassium ferrocyanide 
K4[Fe(CN)6]. When the coWtocyanide solution is treated 
in the cold with dilute hydrochloric acid, cobaltous cyanide is 
precipitated. 

On prolonged boiliag of the brown solution, preferably after 
the addition of a few drops of hydrogen peroxide or of sodium 
hypochlorite or of sodium hypobromite solution, it assumes a 
yellow colour, due to oxidation to potassium cobaltmyanide 
K3 [Co{CN) 6], analogous to potassium ferricyanide K3[Fe(CN)e]. 
The cobalticyanide solution gives no precipitate with acids 
(distinction from nickel) nor with ammonium sulphide. 

Co(N 03)2 + 2KCN =- Co(C]Sr)2 -f* 2KNO3; 

Co(CN)2 + 4KCN 

4K4[Co(C]Sr)6] + 2H2O + O2 = 4K3 [Co(CN) 6] + 4KOH 

K4[Co{CN)6] + 4HG1 = Go(C]S[)2 + 4HCN + 4KC1 

5. Potassium Nitrite Solution: yellow precipitate of 
potassium cobaltinitrite K3[Co{N02)6],3H20 when added in 
excess to a concentrated solution of a cobalt salt acidified 

* Colourless ammonium sulphide solution may be used for this test: it may 
be readily prepared by passing H^S into dilute NHj solution. 
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with acetic acid (distinction from nickel). In dilnte solution, 
the precipitate appears only after standing for several hours, 
or more rapidly on shaking. 

Co(]sro)3 + 2KNO2 = Co(n02)2 + 210^03; 

vCo(N02)2^^ 

Co(N 02)3 + 2K.C2H3O2 +NO +H2O; 

Cq(N 02)3 + 3KNO2 = K3[Co(N0 2)e] 

Co(N 03)2 “i" 7KNO2 4 " 2H.C2II3O2 == K 3 [Co(N 02 ) 6 ] 

+2KNO3 + 2K . C2H3O2 + NO + H2O 

6. Ammonium Thiocyanate Solution: a blue solution, 
due to the cobalti-thiocyanate ion [Co(SCN)4]'“ is produced 
by adding concentrated NH4SCN solution (it is best to add a 
few crystals of the solid salt to the test solution); if amyl 
alcohol be added and the solution shaken, the blue colour 
passes into the alcohol layer (distinction from nickel). 

The free acid H2[Co(SCN)4] is much more soluble in ether and in 
amyl alcohol than its salts, hence it is best to strongly acidify the 
solution with concentrated HCl: the test is thus rendered much more 
sensitive. 

CoCNOg)^ + 4:HSCN = H2[Co(SC]Sr)4] + 2HNO3 

The disturbing effect of Fe + + + is overcome by the addition of a 
fluoride solution, thereby forming the highly stable ferri -fluoride ion 
[FeFg] ; alternatively, a little solid NagSgOg may be added and the 
mixture vigorously shaken whereby Fe + ++ is reduced to Fe + + and 
Na2S40s is produced. 

f The reaction may be employed as a spot test as follows. Upon a 
spot plate, mix 1 drop of the test solution with 5 drops of a saturated 
solution of ammonium thiocyanate in acetone. A green to blue colora- 
tion appears. 

Sensitivity: 0*5 ftg. Co. Concentration limit: 1 in 100,000, 

If iron is present mix 1-2 drops of the slightly acid test solution 
with a few milligrams of ammonium or sodium fluoride on a spot plate 
and then add 5 drops of a 10 per cent solution of ammonium thio- 
cyanate in acetone. A blue coloration is produced. 

Sensitivity: 1 jug. Co in the presence of 100 times the amount of Fe. 

Concentration limit: 1 in 50,000. 

7 . «.Nitroso-^-naphthol Reagent 

( 

reddish-brown precipitate of slightly imptxre cobalti-nitroso-jS- 
naphthol Co(CioH602N)3 (an inner complex salt) in solutions 
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acidified hydrochloric acid or dilute acetic acid; 

the precipitate may be extracted by carbon tetrachloride to 
give a claret-coloured solution. Precipitates are also given by 
iron (Pe + + and Fe+ + +), nickel and uranyl salts in Group III. 
The nickel complex is soluble in dilute hydrochloric acid; ferric 
iron is rendered innocuous by the addition of sodium fluoride ; 
the uranyl ion may be removed, as uranyl phosphate, by 
ammonium phosphate solution. Copper, mercuric mercury, 
palladium and many other metals interfere. The reaction 
may, however, be used as a confirmatory test for cobalt in the 
Group IIIB precipitate after the separation of the manganese 
and zinc. 

The reagent consists of a 1 per cent solution of a-nitroso-jS- 
naphthol in 50 per cent acetic acid, or in ethyl alcohol, or in 
acetone. 

t The technique for using the reaction as a spot test is as follows. 
Place a drop of the faintly acid test solution on drop reaction paper, 
and add a drop of the reagent. A brown stain is produced. 

Sensitivity 0*05 ftg. Co, Concentration limit: 1 in 1,000,000. 


8, Sodium l-Nitroso-2-hydroxyuaphthalene-3 : 6-di- 
sulphonate (Nitroso-R-salt) Reagent 



deep red coloration. The test is applicable in the presence 
of nickel; tin and iron interfere and should be removed; the 
coloration produced by iron is prevented by the addition of 
an alkali fluoride. 

t Place a drop of the neutral test solution (buiiered with sodium 
acetate) on a spot plate, and add 2-3 drops of the reagent. A red 
coloration is obtained. 

Concentration limit: 1 in 500,000. : 

The reagent consists of a 1 per cent solution of nitroso-R-salt in 
water. 


t^. Rubeanic Acid (or Dithio-oxamide) Reagent 

C— C— NHa 


s s 




yellowish -brown precipitate. Under similar conditions nickel and 
copper salts give blue and black precipitates respectively (see under 
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Copper, Section III, 8). Large quantities of ammonium salts reduce 
the sensitivity.* 

Place a drop of the test solution upon drop-reaction paper, hold it in 
ammonia vapour, and then add a drop of the reagent. A brown spot 
or ring is formed. 

Sensitivity: 0*03 /xg. Co. Concentration limit: 1 in 660,000. 

The reagent consists of a 1 per cent solution of rubeanic acid in 
alcohol. 

Dry Tests 

(i) Blowpipe test , — All cobalt compounds when ignited with 
sodium carbonate on charcoal give grey, slightly metallic beads 
of cobalt. If these are removed, placed upon filter paper and 
dissolved by the addition of a few drops of dilute nitric acid, a 
few drops of concentrated hydrochloric acid added and the 
filter paper dried, the latter is coloured blue by the cobalt 
chloride produced. 

(ii) Borax bead test , — This gives a blue bead in both the 
oxidising and reducing flames. Cobalt meta-borate Go(B02)2j 
or the complex salt Na2[Co(B02)4], is formed see (Section II, 1). 
The presence of a large proportion of nickel does not interfere. 

Nickel, Ni 

Nickel is a hard, silver- white metal; it is ductile, malleable and 
very tenacious. Hydrochloric and sulphuric acids, both dilute and 
concentrated, attack it slowly; dilute nitric acid dissolves it readily, 
but the concentrated acid induces passivity. 

Only one stable series of salts, the nickelous salts, which may be 
regarded as derived from the green nickelous oxide NiO, is known. 
A brownish-black nickelic oxide Ni203 exists, but this dissolves in 
acids forming nickelous compounds. 

NigOs 6B:01 == 2NiCl2 + -f Gig 

111, 25. REACTIONS OF THE NICKEL ION, Ni + + 

Use a solution of nickel sulphate, NiS04,7H20, or of nickel 
chloride, NiCl2,6H20. (Solutions of nickelous salts are green, 
due, to the presence of the [Ni(H20y "*'+ ion; this is usually 
written as Ni++.) 

1, Sodium Hydroxide Solution; green precipitate of 
nickelous hydroxide Ni(OH)2, insoluble m excess of the re- 
agent. No precipitation occurs in the presence of tartrate or 
citrate. The precipitate dissolves in ammonia solution or in 
solutions of ammonium salts forming greenish-blue solutions 
of complex nickelous ammine ions (see Section I, 20); these 
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soMions are not oxidised on boiling with free exposure to air, 
or •apon the addition of hydrogen peroxide (difference from 
cobalt)/ Mck^^ hydroxide is oxidised by sodium hypo- 
chlorite solution to black nickelic hydroxide M(OH) 3 . 

, 

2H2O + 02 = 4 M(GH )3 : ' 

2. Ammonia Solution: green precipitate of basic salt, 
soluble in excess of the reagent forming complex nickel ammine 
compounds. 

Ni{OH)Cl + 7NH3 + H2O = [M(NH 3 ) 6 ]( 0 H )2 + NH4CI 

No precipitation takes place with ammonia solution in the 
presence of ammonium salts ; this is because the concentration 
of hydroxyl ions is so reduced that the solubility product of 
neither Ni(OH)Cl nor Ni(OH )2 is attained (see Sections 1, 15 
and I, 16). 

3 . Ammonium Sulphide Solution’*': black precipitate of 
nickel sulphide MS from neutral solutions, slightly soluble in 
excess of the reagent forming a dark-brown, colloidal solution 
which runs through the filter paper. If the colloidal solution 
is boiled or if it is rendered slightly acid with acetic acid and 
boiled, the colloidal solution (hydrosol) is coagulated and can 
then be filtered. The presence of large quantities of ammonium 
chloride usually prevents the formation of the sol. Nickel 
sulphide is practically insoluble in cold dilute hydrochloric 
acid, sp. gr. 1*02 (distinction jfrom the sulphides of manganese 
and zinc) and in acetic acid, but dissolves in hot concentrated 
nitric acid and in aqua regia with the separation of sulphur. 

NiClg + NH4HS + NH3 = MS + 2NH4CI 

3 MS + 8HNO3 = 3Ni(N03)2 + 2 NO + 3 S + 4H2O 

3 NiS + 2HNO3 + 6Ha = 3NiCl2 + 2NO + 3 S + 4H2O 

4. Hydrogen Sulphide: only part of the nickel is slowly 
precipitated as nickel sulphide from neutral solutions; no;pre- 
cipitation occurs from solutions containing mineral acid or 
much acetic acid. Complete precipitation occurs, however, 
from solutions made alkaline with ammonia solution, or from 
solutions containing excess of alkali acetate slightly acid with 
acetic acid (compare Section I, 16). 

MCl2 + H2S^MS + 2 HC 1 

♦ Use colourless ammomum sulpMde: see Section III, 24, reaction 2 . 
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5. Potassiiim Cyanide Solution: green precipitate of 
nickelous cyanide Ni(CN) 2 , readily soluble in excess of tbe 
reagent forming the complex salt, potassium nickelocyanide 
E 2 [Ni(CN) 4 ] (compare Section I, 20). If this solution be 
warmed with sodium hypobromite solution (prepared m situ 
by adding bromine water to sodium hydroxide solution), the 
complex cyanide is decomposed and a black or brown precipi- 
tate is formed (difference from cobalt); the precipitate is 
variously formulated as M(OH )3 or Ni02. Excess of potas- 
sium cyanide solution should be avoided since the bromine 
w’ater will first react with the excess of cyanide forming cyano- 
gen bromide CNBr; hence it is best to add potassium cyanide 
solution drop by drop until the initial precipitate is just 
dissolved. 

Careful addition of dilute hydrochloric acid to the solution 
of potassium nickelocyanide precipitates nickel cyanide. 

NiClg + 2KCN = ISri(CN)2 + 2KC1; 

Ni(CN)2 + 2KCN = E:2[Ni(CN)4] ; 

2K2[Ni(CN)4] + 9NaOBr + 4NaOH + HgO 

= 2 Ni(OH )3 + 4KCNO + 4NaCNO + 9NaBr; 

KCN + Brg = CNBr + KBr; 

K2[Ni(CN)4] + 2HC1 = Ni(CN)2 + 2HCN + 2KC1 . 

6. Potassium Nitrite Solution : no precipitate is produced 
in the presence of acetic acid (difference from cobalt). 

7. a - Nitroso - p - naphthol Reagent { CxoH6(NO)OH}: 
brown precipitate of composition Ni(CioH 602 N) 2 , soluble in 
dilute hydrochloric acid (difference from cobalt, which gives a 
reddish-brown precipitate, insoluble in dilute hydrochloric 
acid). 

<S. Dimethylglyoxime Reagent (CxHgOgNg): red precipi- 
tate of nickel dimethylglyoxime in solutions just alkaline with 
ammonia solution or containing sodium acetate. 


CHo.C-NOH 


CHs.a 


OH 




0 

]|=C.CH, 


CH. 


I + NiSO^ + 2NH4GH I /Nr I 

• C-NOH CHs.C=n/ 


4 

0 


CH. 


OH 


Ferrous iron (red coloration; compare Section III, 19), bismuth 
(yellow precipitate), and cobalt when present in large excess (brown 
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coloration) interfere in amnaoniacal solution. The influence of 
interfering elements (Fe++ must be oxidised to Fe+++, say, by 
hydrogen peroxide) can be ehminated by the addition of a tartrate. 
When large quantities of cobalt salts are present, they react with 
the dimethylglyoxime and a special procedure must be adopted 
(see below). Oxidising agents must be absent. Palladium, plati- 
num and gold give precipitates in acid solution. 

The reagent is prepared by dissolving 1 g. of dimethylgly- 
oxime in 100 ml. of rectified spirit. 

f Th© spot test technique is as follows. Place a drop of the test 
solution on drop-reaction paper, add a drop of the above reagent and 
hold the paper over ammonia vapour. Alternatively, place a drop of 
the test solution and a drop of the reagent on a spot plate, and add a 
drop of dilute ammonia solution. A red spot or precipitate (or colora- 
tion) is produced. 

Sensitivity: 0T6 p,g. Ni. Concentration limit: 1 in 300,000. 

Detection of traces of nickel in cobalt salts. The solution con- 
taining the cobalt and nickel is treated with excess of concentrated 
potassium cyanide solution, followed by “10- volume” hydrogen 
peroxide whereby the complex cyanides K3[Co(CN)6] and K2D^i(CN)4] 
respectively are formed. Upon adding 40 per cent formaldehyde 
solution the potassium cobalticyanide is unaffected (and hence remains 
inactive to dimethylglyoxime) whereas the potassium nickelocyanide is 
decomposed with the formation of nickel cyanide, which reacts imme- 
diately with the dimethylglyoxime. 

K2[Ni(CN)J -f 2H,CHO = NiCCN)^ -f 2CH2(CN)OK 
Ni(GN)2 + 2C4H8O2N2 =- Ni(C4H,02N2)2 + 2HCN 

tP. a-Furil-dioxime Reagent 

/ C4HsO-0=NOH Y 

\C4HaO-i;=NOH/ ‘ 

red precipitate in slightly ammoniacal solution. 

Place a few drops of the slightly ammoniacal test solution in a micro 
test-tube and add a few drops of the reagent. A red precipitate or 
coloration is formed. Alternatively, the reaction may be carried out 
on a spot plate. 

Sensitivity: 0*02 /xg. Ni. Concentration limit: 1 in 6,000,000. 

The reaction is not disturbed by silver or copper, or by ferric icon, 
chromium or aluminium in the presence of ammoniacal tartrate solu- 
tion; if zinc is present, ammonium chloride should first be added; 
cobaltous ions repress the sensitivity and should be oxidised to the 
cobaltic state with hydrogen peroxide; ferrous iron interferes and 
should be oxidised and alkaline tartrate solution added before applying 
the test. 

The reagent consists of a 10 per cent solution of a-furil-dioxime in 
alcohol. 
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no. Rubeanic Acid Reagent {{CS.NHjj)a}: blue or violet precipi- 
tate or coloration in aimnoniacal solution. Copper and cobalt, as well 
as iron, salts interfere with the reaction and should be absent. 

Place a drop of the test solution upon drop-reaction paper, lioti it 
over ammonia vapour, and add a drop of the reagent. A blue or bluo- 
violet spot is obtained, 


Sensitivity: 0*03 pg. Ni. Concentration limit; 1 in i,250d>0<K 


The reagent consists of a 1 per cent solution of rubeuoic aci<i in 
alcohol. 


Dry Tests 

(i) Blowpipe test . — All nickel compoimds when heated wit h, 
sodium carbonate on charcoal yield grey, slightly magnetic 
scales of metallic nickel. If these are placed u])on a strip of 
filter paper, dissolved by means of a few drops of nitric acid, 
a few drops of concentrated hydrochloric acid added and t he 
filter paper dried by moving it back and fortli in the flame or 
by placing it on the outside of a test-tube containing miiev 
which is heated to the boiling point, the paper accpiires a green 
colour owing to the formation of nickelous chloride. On 
moistening the filter paper with ammonia solution and adding 
a few drops of the dimethylglyoxime reagent, a red colour in 
produced. 

(ii) Borax bead teat . — ^This is coloured brown in tlie oxidiHing 
flame, due to the formation of nickel meta- borate Ni(lK}2)2 
or of the complex meta-borate Na 2 [Ni{B 02 ) 4 j (bcc Section 
n, 1), and grey, due to metallic nickel, in the reducing flame. 

Manganese, Mn 

Manganese is a greyish-white metal, similar in appearance to cast 
iron. It reacts with warm water forming manganous liydroxldo 
and hydrogen. Dilute mineral acids and also acetic acid dissolve 
it with the production of manganese salts and hydrogen. Sulphur 
dio:ode is evolved with hot concentrated sulphuric acid. 

Six oxides of manganese are known : MnO, Mn^O^, Mn3()4, MnOjg, 
MnOa and Mn207. The most important compoundB, the mangiiumiB 
salts, may be regarded as derived from manganouB oxide Mn 6 ; the 
manganic salts, related to Mn203, which correspond to the feirio 
salts, are unstable and do not exist under ordinary anal 3 iical con- 
ditions. All the oxides dissolve in warm hydrochloric acid arid 
hot concentrated sulphuric acid forming manganous salts, t!ie liighcr 
oxides being reduced with the evolution of chlorine and axyMii 
respectively. 

The two unstable acidic oxides MnOg and Miit207 are related to 
the manganates, e.g. K2Mn04 or and perm&ngaiiaiee, 
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ey. E2Mn2G8 or K20,Mn207 respectively. These are discussed in 
Section IV; 34. 

Mn + 2HC1 = MnCla -f Ha; 

MnOa + 4Ha == MnQa + Clg + 2H2O ; 

M113O4 + 8HC1 = aMnClg + Clg -f ilL^O; 

2Mna03 + 4H2SO4 = 4MnS04 + 0^ + 4H2O ; 

2Mn304 + 6H2SO4 = eMnSOi + O2 H- 6H2O; 

2Mn02 + 2H2SO4 = 2MnS04 + 02 + 2H2O 

III, 26. REACTIONS OF THE MANGANOUS ION, Mn + + 

Use a solution of manganous chloride, MnCl2,4H20, or of 
manganous sulphate, MnS04,5H20. (Manganous compounds 
are usually pink in aqueous solution, due to the [Mn(H20)6]++ 
or Mn + + ion.) 

1. Sodium Hydroxide Solution: white precipitate of 
manganous hydroxide Mn(0H)2, insoluble in excess of the 
reagent. The precipitate rapidly oxidises on exposure to air, 
becoming brown; the brown compound is either manganic 
hydroxide, Mn{0H)3, or hydrated manganese dioxide Mn02, 
a;H20. 

MnClg + 2NaOH = Mn(0H)2 + 2NaCi; 

4Mn(0H)2 + 2H2O +02= 4Mn(OH)3 

The addition of a little hydrogen peroxide converts the man- 
ganous hydroxide rapidly into hydrated manganese dioxide : 

Mn(0H)2 + H2O2 ^ Mn02 + 2H2O 

2. Ammonia Solution: partial precipitation of white 
manganous hydroxide Mn(0H)2, soluble in solutions of ammo- 
nium salts. 

No precipitation takes place in the presence of ammonium salts owing to 
the lowering of the hydroxyl ion concentration and the consequent failure to 
attain the solubility product of Mn(OH) g (compare Section 1,16). On exposure 
to air, brown manganic hydroxide or hydrated manganese dioxide is precipi^ 
tated from the ammoniacal solution. This is important in connexion with the 
separation from the Group IIIA metals. In precipitating iron, aluminium 
and chromium, the solution shoiild contain a large excess of ammonium 
chloride, and be boiled to expel most of the dissolved air, then a slight excess 
of ammonia solution added and the precipitate filtered as quickly as possible. 
Under these conditions very little manganese wiU be precipitated. 

MnClj + 2NH3 + 2H2 O Mii( 0H)2 + 2NH4CI 

3. Ammonium Sulphide Solution’^: pink (flesh-coloured) 
precipitate of hydrated manganous sulphide MnS, readily 

* Use colourless anmaomum sulphide; see Section III, 24, reaction 2. 
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soluble in dilute acids (distinction from nickel and cobalt) and 
in acetic acid (distinction from nickel, cobalt and zinc). The 
presence of ammonium chloride assists precipitation since the 
sulphide when first formed is colloidal (compare Nickel, Section 
III, 25, reaction 3), The precipitate turns brown on exposure 
to air owing to oxidation. Boiling with excess of ammonium 
sulphide solution converts the pink hydrated form into the less 
hydrated green sulphide 3MnS,H20. 

MnClg + NH4HS + NH3 = MnS + 2NH4CI 
The precipitate dissolves readily in dilute hydrochloric acid 
(m. JV) (distmction from nickel and cobalt). 

4. Sodium Phosphate Solution: flesh-coloured precipitate 
of manganese ammonium phosphate Mn(NH4)P04,7H20 in the 
presence of excess of ammonia solution. 

MnClg + NH4OH + Na2HP04 -f GHgO 

=Mn(NH4)P04,7H20 + 2NaCi 

5. Lead Dioxide and Concentrated Nitric Acid. — On 
boiling a dilute solution of a manganous salt, free from hydro- 
chloric acid and chlorides, with lead dioxide (or red lead*, which 
jdelds the dioxide in the presence of nitric acid) and a little 
concentrated nitric acid, diluting somewhat and allowing the 
suspended solid containing unattacked lead dioxide to settle, 
the supernatant liquid acquires a violet-red (or purple) colour 
due to permanganic acid. The latter is decomposed by hydro- 
chloric acid hence chlorides should be absent. 

SPbOs -b 2MnS04 + 6HNO3 

= 2HMn04 4- 3Pb(N03)2 4- 2PbS04 + 

6. Ammonium or Potassium Persulphate. — ^When the 
solid is boiled with a solution of a manganous salt in dilute 
sulphuric acid in the presence of a little silver nitrate solution 
(which acts as a catalyst), a reddish-violet solution of per- 
manganic acid is formed. The unstable silver peroxide is 
probably intermediately formed and this acts as the oxidising 
agent. 

5 (NH 4 ) 2 S 208 + 5H2O =- 5(^4)2804 -b 5H2SO4 + 50 ; 
lOAgNOg -f 50 + 5H2O - 5 Ag 202 + IOHNO3; 

2 MnS 04 + 5 Ag 202 + IOHNO3 

=:2HMn04 + lOAgNOa + 2H2SO4 + 2H2O 

The gross reaction may be written: 

2MnS04 + 5(NH4)2S208 + 

== 2HMn04 + IONH4HSO4 +2H2SO4 

1 A ' ■ 
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7. Sodmm Bismuthate (NaBiOg) When this solid is 
added to b cold solution of a manganous salt in dilute nitric 
acid (sp. gr. M3) or in dilute sulphuric acid, the mixture stirred 
and the excess of the reagent ffltered off (preferably through 
asbestos or glass wool or a sintered glass funnel), a solution of 
permanganic acid is produced. 

SNaBiOg + 2MnS04 + I6HNO3 

= 2 HMn 04 + 5Bi(N03)3 + NaNOg + 2 Na 2 S 04 + 

t The spot-test technique is as follows. Place a drop of the test 
solution on a spot plate, add a drop of concentrated nitric acid and 
then a little sodium bismuthate. The purple colour of permanganic 
acid appears. If the solution is so dark that the colour cannot be 
detected, dilute the mixture with water until the colour appears. 

Sensitivity: 25 [Mg Mn (in 5 ml.). Concentration limit: Tin 200,000. 

8. Potassium Periodate (KIO4). — The manganous sul- 
phate solution is rendered strongly acid with sulphuric or nitric 
acid or (best) phosphoric acid, 0-2-0-3 gram of potassium 
periodate added, and the solution boiled for 1 minute. A 
solution of permanganic acid is formed. 

Chlorides must be absent; if present, they must be removed by evaporation 
with sulphuric or nitric acid before applying the test. 

2MnS04 + 5KIO4 -f 3H2O = 2HMn04 + ^KlOg + 2H28O4 

fP. Potassium Periodate-** Tetrabase*’ Test. — solution of the 
“tetrabase” (tetramethyl-diamino-diphenylmethane) in chloroform is 
employed as a sensitive test to identify very small amounts of man- 
ganese as permanganic acid. The latter oxidises the “tetrabase** to an 
intensely blue compound. Chromium salts should be absent for they 
are oxidised by periodates to chromates, which yield a similar colour 
with the “tetrabase.” 

Place a drop of the test solution, on a spot plate, followed by a drop 
of saturated potassium periodate solution and 2 drops of a 1 per cent 
solution of the *‘tetrabase” in chloroform. A deep blue colour is 
formed. 

Sensitivity: 0‘001 /xg. to. Concentration limit; 1 in 50,000,000. 

^10, Ammonium Persulphate Test. — ^Manganese salts in dilute 
sulphuric or nitric acid solution react only on warming with persulphates 
with the formation of hydrated manganese dioxide. If, however, the 
solution contains some silver ions as catalyst, oxidation proceeds to the 
permanganate state: 

2Mn + + + 5Sa08'“'" + 8HaO = 2MnOr+ lOSO^^- + 16H + 

Chlorides, bromides, iodides and other salts that precipitate silver 
should be absent, as should also compounds which will react with 
permanganic acid. 

Place a drop of the test solution in a micro-crucible, add 1 drop of 
concentrated sulphuric acid and 1 drop of 0*liV -silver nitrate solution, 
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and stir. Introduce a few noilligrams of solid amnaonium persulphate 
and heat gently. The characteristic coloin* of permanganic acid appears. 

Sensitivity: 0*1 fig. Mn. Concentration Hmit: 1 in 500,000. 

fil. Formaldoxime Reagent (HCH = NOH): red coloration with 
alkaline solution of manganous salts. Copper gives a blue- violet 
coloration, but the interference can be overcome by the use of alkali 
cyanide. Iron is best removed before applying the test {e.g. with a 
suspension of zinc hydroxide or as the basic acetate), although it may 
be rendered inactive by the addition of a tartrate. Chromium, cobalt 
and nickel salts give colorations with the reagent and must therefore 
be absent. 

Place 2 ml. of the test solution, which has been rendered just alkaline 
with 4iV-sodium hydroxide, into a semimicro test-tube and add 1 drop 
of the reagent. A red coloration is obtained. 

Sensitivity: 0*25 jag. (in 5 ml.). Concentration limit: 1 in 20,000,000. 

The reagent consists of a 2*5 per cent solution of formaldoxime in 
water. 

Dry Tests 

(i) Borax bead test. — The bead produced in the oxidising 
flame by small amounts of manganese salts is violet whilst 
hot and amethyst-red when cold; with larger amounts of 
manganese the bead is almost brown and may be mistaken 
for that of nickel. In the reducing flame the manganese bead 
is colourless whilst that due to nickel is grey. 

(ii) Fusion test. — Fusion of any manganese compound with 
sodium carbonate and an oxidising agent (potassium chlorate 
or potassium nitrate) gives a green mass of alkali manganate. 
The test may be carried out either by heating upon a piece of 
platinum foil with potassium nitrate and sodium carbonate (if 
platinum foil is not available, a piece of broken porcelain may 
be employed), or by fusing a bead of sodium carbonate with a 
small quantity of the manganese compound in the oxidising 
flame and dipping the fused mass while hot into a little 
pow^dered potassium chlorate or nitrate and reheating (compare 
Section II, 1). 

MnS04 + 2KNO3 + SNagGO^ 

= Na2Mn04 -j- 2ICNO2 4 “ Na2S04 -|~ 2CO2 

3MnS04 + 2 KCi 03 + eiSTagCOa 

= 3Na2Mn04 + 2 Ka + 3Na2S04 + 6 CO 2 

Zmc, Zn 

Zinc is a bluish-white metal; it is fairly malleable and ductile 
at 110-150°. The pure metal dissolves very slowly in acids and in 
alkalis; the presence of impurities, or contact with platinum or 
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copper, produced by the addition of a few drops of the solutions of 
the salts of these metals, accelerates the reaction. This explains 
the solubility of commercial zinc. The latter dissolves readily in 
dilute hydrochloric and in dilute sulphuric acid, with the evolution 
of hydrogen , Solution takes place with very dilute nitric acid, but 
no gas is evolved; with increasing concentration of acid, nitrous 
oxide or nitric oxide is evolved, depending upon the concentration; 
concentrated nitric acid has very little action owing to the very 
slight solubility of zinc nitrate. Sulphur dioxide is evolved with 
hot concentrated sulphuric acid. Zinc also dissolves in solutions of 
caustic alkalis with the evolution of hydrogen and the formation of 
zincates. 

Zn + H2SO4 = ZnSO^ + 

4 Zn ■+■ IOHNO3 = 4Zn(N03)2 + NH4NO3 -f SHgO; 

4 Zn + lOmsTOg = 4Zn(N03)2 + NgO + SHgO; 

3 Zn 4- 8HNO3 = 3Zn(N03)2 + 2 NO 4 - ^HgO; 

Zn 4 2H2SO4 = ZnS 04 4 SOg 4 SH^O; 

Zn 4 2 NaOH = Na2[Zn02] 4 Hg 

Only one series of salts is known; these may be regarded as 
derived from the oxide ZnO. 

111 , 27 . REACTIONS OF THE ZINC ION, Zn + + 

Use a solution of zinc sulphate, ZnS04,7H20. (Zinc com- 
pounds are usually colourless in aqueous solution: the ion 
[Zn(H20)4] + + or Zn + is colourless.) 

1. Sodium Hydroxide Solution: white gelatinous precipi- 
tate of zinc hydroxide Zn(OH)2, readily soluble in excess of 
the reagent with the formation of sodium zincate (distinction 
from manganese) . The precipitate also dissolves in dilute acids 
and is therefore amphoteric. 

ZnS 04 4 2N!aOH = Zn(OH)2 + Na 2 S 04 ; 

Zn(OH)2 4 SNaOH ^ Na2[Zn02] + 2H2O 

2 , Ammonia Solution : white precipitate of zinc hydroxide, 
readily soluble in excess of the reagent and in solutions of 
ammonium salts owing to the production of complex com- 
pounds. The non-precipitation of zinc hydroxide by ammonia 
solution in the presence of ammonium chloride is due to the 
lowering of the hydroxyl ion concentration to such a value 
that the solubility product of Zn(OH)2 is not attained (compare 
Section I, 16 ). 

ZnS04 + 2NH3 + 2H2O Zn(OH)2 + (1^4)2804 ; 

Zn(0H)2 + 4 NH 3 [Zn(NH3)4](OH)2 
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3. Ammoniiim Sulphide Solution*: white precipitate of 
zinc sulphide ZnS from neutral or alkaline solutions; it is 
insoluble in excess of the reagent, in acetic acid and in solutions 
of caustic alkalis, but dissolves in dilute mineral acids. The 
precipitate thus obtained is partially colloidal; it is difficult to 
wash and tends to run through the filter paper, particularly 
on washing. To obtain the zinc sulphide in a form which can 
be readily filtered, the precipitation is conveniently carried out 
in boiling solution in the presence of excess of ammonium 
chloride, and the precipitate washed with dilute ammonium 
chloride solution containing a little ammonium sulphide. 

ZnS 04 + NH 4 HS + NH 3 = ZnS + (NH 4 ) 2 S 04 

4. Hydrogen Sulphide: partial precipitation of zinc sul- 
phide in neutral solutions; when the concentration of acid 
produced is about 0-3if {pH. about 0 * 6 ), the sulphide ion con- 
centration derived from the hydrogen sulphide is depressed so 
much by the hydrogen ion concentration from the acid that 
it is too low to exceed the solubility product of ZnS, and con- 
sequently precipitation ceases. Upon the addition of alkali 
acetate to the solution, the hydrogen ion concentration is 
reduced because of the formation of the feebly dissociated acetic 
acid, the sulphide ion concentration is correspondingly in- 
creased, and precipitation is almost complete (compare Section 
I, 16). Zinc sulphide is precipitated from solutions of alkali 
zincates by hydrogen sulphide. 

ZnS 04 + HgS ^ ZnS -f H 2 SO 4 
2 Na.C 2 H 302 + H2SO4 = 2H.C2H3O2 + Na2S04 
NagLZnOa] + HgS ^ ZnS + 2NaOH 

5. Sodium Phosphate Solution: white precipitate of zinc 
ammonium phosphate Zn(NH 4 )P 04 in the presence of ammo- 
nium chloride; the precipitate is soluble in ammonia solution 
and in dilute acids. 

ZnS04 + NH4CI + 2Na2HP04 

^Zn(NH4)P04 4'NaH2P04 + Na 2 SQ 4 + NaGl 

6 . Potassium Ferrocyanide Solution: white precipitate 
of zinc ferrocyanide Zn 2 [Fe((IN)e], which is converted by excess 
of the reagent into the less soluble zinc potassium ferrocyanide 
Zn3K2[Pe(CN)6k 

2ZnS04 + K4[Fe(CN)6] = ZngEFeCCN)^ + 2K2SO4 
3Zn2[Pe(CN)6] 2Zn3K2[Pe(CN)e]2 

* Use colourless ammonium sulphide ; see Section III, 24, reaction 2. 
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The precipitate is insoluble in dilute acids^ but dissolve^ 
solutions of caustic alkalis : 

Zn2[le(CN)6] + SNaOH = 2N'a2[Zn02] + Na4[Fe(CN)a] + fflgO 

7. OBinaldinic Acid Reagent (Quinoline-a-carboxylic acid, 
C9HeN.C02H). — ^Upon the addition of a few drops of the re- 
agent to a solution of a zinc salt which is faintly acid with 
acetic acid, a white precipitate of the zinc complex salt 
Zn(CioB[6]S[02)25H20 is obtained. The precipitate is soluble 
in ammonia solution and in mineral acids, but is reprecipitated 
on neutralisation. Copper, cadmium, uranium, iron and 
chromium ions give precipitates with the reagent and should 
be absent. Cobalt, nickel and manganese ions have no effect. 
This is an extremely sensitive test for zinc ions, and is a useful 
confirmatory test for zinc isolated from the Group IIIB separa- 
tion. The reagent is, however, expensive. The reaction is 
best carried out on the semimicro scale or as a spot test. 

The reagent is prepared by neutralising 1 gram of quin- 
aldinic acid with sodium hydroxide solution and diluting to 
100 ml. 

8. Ammonium Mercuri-thiocyanate-Copper Sulphate 
Test.— The faintly acid (sulphuric acid or acetic acid) solution 
is treated with 0*5 ml. of 0*1 per cent copper sulphate solution, 
followed by 2 ml. of the ammonium mercuri-thiocyanate re- 
agent. A violet precipitate is- obtained. The test is rendered 
still more sensitive by boiling the mixture for 1 minute, cooling 
and shaking with a little amyl alcohol: the violet precipitate 
collects at the interface. Iron salts produce a red coloration; 
this disappears when a little alkali fluoride is added. 

Copper salts alone do not give a precipitate with the ammo- 
nium mercuri-thiocyanate reagent, whilst zinc ions, if present 
alone, form a white precipitate of zinc mercuri-thiocyanate: 

Zn++ + [Hg(8CN)4r'“ = Zn[Hg(SCN)J 

In the presence of copper ions, the copper complex coprecipi- 
tates with that of zinc, and the violet (or blackish-purple) 
precipitate consists of mixed crystals of Zn[Hg(SCN)4] -f- 
Cu[Hg(SCN)4]. 

The ammonium mercuri-thiocyanate reagent is prepared by 
dissolving 8 grams of mercuric chloride and 9 grams of ammo- 
nium thiocyanate in 100 ml. of water. 

t Place a drop or two of the test solution, which is slightly acid 
(preferably with sulphuric acid), on a spot plate, add 1 drop of 0-1 per 
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I cent copper sulphate solution and 1 drop of the ammonium mercuri- 

I thiocyanate reagent. A violet (or blackish-purple) precipitate appears. 

The reaction may also be conducted in a semimicro test-tube: here 
j 0- 3-0* 5 ml. of amyl alcohol is' added. The violet precipitate collects at 

I the interface. 

I Concentration limit: 1 in 10,000. 

! 9. Ammonium Mercuri-thiocyanate-Gobalt Sulphate 

! Test*— This test is similar to that described under 8, except 

i that a minute amount of a dilute solution of a cobalt salt 

(sulphate, acetate or nitrate) is added. Coprecipitation of the 
cobalt mercuri-thiocyanate gives a blue precipitate composed 
of mixed crystals of Zn[Hg(SCN) 4 ] + Co[Hg(SCN) 4 ]. Ferric 
salts give a red coloration (due to the ferri-'thiocyanate ion 
[Fe(SCN)] + +) but this can be eliminated by the addition of a 
little alkali fluoride (colourless [FeFg] ions are formed). 
Copper salts should be absent, 

j f Place a drop of the test solution (which should be slightly acid, 

preferably with dilute sulphuric acid), a drop of 0*02 per cent cobalt 
sulphate solution, and a drop of the ammonium mercuri-thiocyanate 
reagent on a spot plate or in a micro crucible. A blue precipitate is 
formed. 

The reaction may also be carried out in a semimicro test-tube in the 
I presence of 0*3-0*5 ml. of amyl alcohol. 

I Sensitivity: 0-2-0-5 jctg. Zn. Concentration lunit; 1 in 100,000. 

I flO. Potassium Ferricyanide-p-Phenetidine Test. — Potassium 

j ferricyanide oxidises p-phenetidme (4-ethoxyanilme) and other aromatic 

j amines slowly with change of colour and the formation of potassium 

I ferrocyanide. If the ferrocyanide formed is removed by zinc ions as 

; the sparingly soluble, white zinc ferrocyanide, the oxidation proceeds 

rapidly : the white zinc ferrocyanide is deeply coloured by the adsorption 
of the coloured oxidation products. 

Prepare the reagent by mixing 6 drops of 2 per cent potassium ferri- 
cyanide solution, 2 drops of N sulphuric acid, and 6 drops of 2 per cent 
p-phenetidine hydrochloride solution. 

To 0*1 ml. of the freshly-prepared reagent on a spot plate, add a 
drop of the test solution. A purple to blue coloration or precipitate 
appears in the presence of zinc. A blank test is desirable. 

Sensitivity: I^g. Zn. Concentration limit: 1 in 100,000. 

The test is especially useful in the presence of Cr, A1 and Mg: cations 
(Cu + ’^, Co + '^, M++, Fe + +^^ which give coloured precipitates with 

fii. Kinmann’s Green Test.— The test depends upon the produc- 
tion of Binmann’s ^een (largely cobalt zincate CoZnOg) by heating the 
salts or oxides of zinc and cobalt. An excess of cobaltous oxide must 
be avoided for it leads to a red-brown coloration : oxidation to cobaltic 
oxide produces a darkening of colour. Optimum experimental con- 
j ditions are obtained by converting the zinc into the cobalticyanide: 

j K 3 [Co(CN)«] 4- Zn + + = KZn[Co(CN)6] + 2K + 
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Ignition of the latter leads to zinc oxide and oobaltous oxide in the 
correct proportion for the formation of cobalt zincate, whilst carbon 
from the filter paper (see below) prevents the formation of cobaltic 
oxide. All other metals must be removed. 

Place a few drops of the neutral (litmus) test solution upon potassium 
eobalticyanide (Rinmann’s green) test paper. Dry the paper over a 
flame and ignite in a small crucible. Observe the colour of the ash 
against a wMte background: part of it win be green. 

Sensitivity: 0*6 /xg. Zn. Concentration limit: 1 in 3,000. 

The potassium eobalticyanide test paper is prepared by soaking 
drop reaction paper or quantitative filter paper in a solution containing 
4 grams of potassium eobalticyanide and 1 gram of potassium chlorate 
in 100 ml. of water, and drying at room temperature or at 100°. The 
paper is yellow and keeps well. 

Dry Tests 

Blowpipe test . — Compounds of zinc when heated upon 
charcoal with sodium carbonate give an incrustation of the 
oxide, which is yellow when hot and white when cold. The 
metal cannot be isolated owing to its volatility and subsequent 
oxidation. If the incrustation is moistened with a drop of 
cobalt nitrate solution and again heated, a green mass (Rin- 
mann’s green), consisting largely of cobalt zincate CoZn 02 is 
obtained. 

An alternative method is to soak a piece of ashless filter 
paper in the zinc salt solution, add one drop of cobalt nitrate 
solution and to ignite in a crucible or in a coil of platinum wire. 
The residue is coloured green. 

DETBCTIOIS^ AND SEPABATION OF THE METALS IH THE ZINC GBOtJP 

(GBOTTPniB) 

As in previous groups, the student should obtain from the teacher, 
or prepare for himself, a mixture of some or all of the simple soluble 
salts of the metals of this group. It is assumed that all the metals 
of the earlier groups are either absent or have been removed. Add 
excess of ammonium chloride solution or 1-2 grams of solid ammo- 
nium chloride, heat to boiling, add ammonia solution until alkaline 
and then 1 ml. in excess, and pass hydrogen sulphide, pre- 
ferably under pressure (Fig. II, 2, 1), for 30-60 seconds. Filter 
immediately; the addition of a little filter paper pulp (e.g. as a 
portion of a Whatman filtration accelerator) is beneficial. Test the 
filtrate for complete precipitation. Wash the precipitate with 1 per 
cent ammonium chloride solution containing a little saturated 
hydrogen sulphide water. On occasion, the filtrate is dark-coloured 
due to the production of coUoidal nickel sulphide, which passes 
through the filter. This is generally prevented by the use of 
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macerated filter paper, but if it should occur, the filtrate must be 
acidified with acetic acid and boiled for 30 seconds to coagulate 
the nickel sulphide: the latter is filtered, washed and combined with 
the main Group IIIB precipitate. 

Ill, 28. Table V, Analysis of the Zinc Group (Group IIIB) 


The precipitate may contain CoS, NiS, MnS and ZnS. Wash the ppt. 
with 1 % NH 4 GI solution containing a little saturated HgS water. (T) 
Transfer the ppt, to a small beaker and stir with cold dilute HCl ( 1 volume 
of concentrated acid ; 11 volumes of water; ca, N) for 2-3 minutes. 
Filter. 


Residue. If black, Filtrate. May contain MnClg and ZnClg 
may contain CoS and (plus, possibly, traces of CoClg and NiCl 2 ). Boil 
NiS. Test residue with until HgS removed (test with lead acetate 
borax bead. paper), cool, add excess of NaOH solution, 1 

Blue bead. ml. of 3% HgOa solution, boil for 3 minutes 

Go present. and filter. 

Dissolve residue in a 
mixture of T5 ml. of 

10% NaOCl solution Residue. Dark- Filtrate. May con- 

and 0*5 ml. of dilute coloured. May contain tain NaaEZnOg]. 

HCl. Add 1 ml. of MnO^ji^HgO (plus Divide into 2 parts, 

dilute HCl and boil traces of Co(OH )3 and (i) Acidify with 

until CI 2 is expelled. Ni(OH) 2 ). Dissolve the dilute acetic acid and 
Cool and dilute to about ppt, in 5 ml. of dilute pass HgS. 

4 ml. Divide into 2 HNOg with the addi- White ppt. of ZnS. 
equal parts. tion of a few drops of Zn present. 

(i) Add 1 ml, of amyl 3 % HgOg solution. (ii) Just acidify 

alcohol, 2 grams of solid Boil to decompose the with dilute H 2 SO 4 , 

NH 4 SCN, and shake. excess of HgOg. Then; Use 0*6 ml. of the 

Amyl alcohol layer Either— -Add 1 gram solution. Add 0-2 

coloured blue. of Pb 304 and 3 ml. of ml. of dilute Co(N 08)2 

Go present. concentrated HKO 3 , solution and 0-6 xdI. 

(ii) Add 0*5 ml, of boil for 1 minute and of the ammonium 

NH 4 CI solution, NH 3 allow to settle. merouri-thiocyanate 

solution until faintly Purple solution of reagent and stir, 

alkaline, and then a HMn 04 . Pale blue ppt. 

little dimethylglyoxime Mn present. Zn present, 

reagent. Or — ^To cold solution, 

Befi ppt. add 0-05~0-l gram of 

Ni present. NaBiOg, shake and 

allow to settle. 

Purple solution of 
HMn 04 . 

Mn present. 
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111, 28. Table SMV. Analysis of the Zinc Group 
(Group IIIB) 


The ppt. may contain CoS, MS, MnS and ZnS, If it is not black, 
CoS and MS are absent. Wash the ppt. with 1% NH4CI solution to 
which a little saturated HgS water has been added. (T) Stir the ppt. in 
the cold with 1 ml. of N-HCl (1 volume of concentrated acid ; 10™ 12 parts 
of water) for 1-2 minutes. Centrifuge. 


Centrifugate. May contain MnCl^ and 
ZnCl^ (plus, possibly, traces of CoClg and 
MCI2). 

Transfer to a semimicro boiling tube, boil to 
expel HgS (test with lead acetate paper), return 
liquid to semimicro centrifuge tube, cool, add 
excess of NaOH solution (O-S-l ml.) and 4 
drops of 3% solution; heat on a water 

bath for 3 minutes. Centrifuge. 


Residue. If black, 
may contain CoS and 
MS. Test residue with 
borax bead. 

Blue bead. 

Co present. 

Add 10-15 drops of 
dilute HCl and 6 drops 
of 10% NaOCl solution, 
stir and place in a hot 
water bath for 1-2 
minutes. Transfer the 
liquid with the aid of 

1 ml. of water to a semi- 
micro bohuig tube and 
boil gently to expel Clg. 
Divide the solution into 

2 parts. 

(i) Add 0*5-1 ml. of 
amyl alcohol and 60 
mg. of soUd NH4SCN, 
and shake. 

Blue coloration in the 
alcohol layer. 

Go present. 

(ii) Add 1 drop of 
NH4CI solution, render 
faintly alkaline with 
NHg solution, and add 
3-6 drops of dimethyl- 
glyoxime reagent. 

Red ppt. 

Ni present. 


Residue. Dark- 
coloured. May contain 
Mn02,a;H20 (plus 
traces of Co(OH)3 and 
M(0H)2). Dissolve the 
ppt. in 0*5 ml. of dilute 
HNO3 and a drop or 
two of 3% H2O2 solu- 
tion. Warm on a water 
bath for 2-3 minutes 
to decompose excess of 
HgOgj cool. Add 50 
mg, of NaBiOg, shake 
and allow to settle. 

Purple solution of 

BMn 04 . 

Mn present. 

Alternatively, dis- 
solve the ppt. in 0*6 ml. 
of dilute HNO3 with 
the addition of 1-2 
drops of 3 % H 2O 2 solu- 
tion. Transfer to a 
semimicro boiling tube 
with the aid of 0*5 ml. 
of water, and boil to 
decompose excess of 
H2O2. Cool, add 0*5 
ml. of concentrated 
HNO3 and 250 mg. of 
Pb304. Boil for 1 
minute and allow to 
stand. 

Purple solution of 
HMn 04 . 

Mn present. 


Centrifugate. May 
contain ]S[a2[Zn02]. 
Divide into 2 parts. 

(i) Pass HgS. 

White ppt. of ZnS. 

Zn present. 

Use either test (ii) 
or (iia). 

(ii) Just acidify with 
dilute H2SO4, add 5 
drops of 0*1% CUSO4 
solution, and 5 drops 
of ammonium mer^ 
curi -thiocyanate re- 
agent, and stir. 

Violet ppt. 

Zn present. 

(iia) Just acidify 
with dilute H2SO4, 
add a drop of dilute 
cobalt acetate or 
nitrate solution, 0*5 
ml. of ammonium 
mercuri-thiocyanate 
reagent, and stir. 

Pale blue ppt. 

Zn present. 
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THE GALCIUM GROUP (GROUP IV) 

BARIUM, STRONTIUM AND CALCIUM 

This group comprises the three alkaline earth metals; they are distinguished 
from the metals of the preceding groups by the fact that their salts are not 
precipitated by the group reagents for Groups I, II, IIIA and IIIB, and are 
characterised by their precipitation with ammonium carbonate solution in the 
presence of moderate concentrations of ammonium chloride and ammonia 
solutions. 

Barium, Ba 

Barium is a silver- white, malleable and ductile metal, which is 
stable in dry air. It reacts with water at the ordinary temperature 
forming barium hydroxide and liberating hydrogen. The metal is 
soluble in acids with the evolution of hydrogen, 

in, 29, REACTIONS OF THE BARIUM ION, Ba + + 

Use a solution of barium chloride, BaCl2,2H20, 

L Ammonia Solution: no precipitate of barium hydroxide 
because of its relatively high solubility.* If the alkaline solu- 
tion is exposed to the atmosphere, some carbon dioxide is 
absorbed and a turbidity, due to barium carbonate, is pro- 
duced. 

2 , Ammonium Carbonate Solutionf : white precipitate 
of barium carbonate, soluble in acetic acid and in dilute mineral 
acids. 

BaCl2 + (NH4)2C03 BaCQs + 

The precipitate is slightly soluble in solutions of ammonium salts 
of strong acids: this is because the ammonium ion, being a strong 
acid, reacts with the base, the carbonate ion CO3 , leading to the 
formation of the bicarbonate ion HC03’~, and hence the carbonate 
ion concentration of the solution is decreased : 

NH4+ + COa”" NHg + HCO3” 
or NH4 + + BaCOg ^ NH3 + HCO3” + Ba + + 

If the amount of barium carbonate precipitate is very small, it may 
well dissolve in high concentrations of ammonium salts, 

3 . Ammonium Oxalate Solution; white precipitate of 
barium oxalate BaC204, slightly soluble in water (0-09 g. per 
litre; S.P. 1*7 x l0~7)^ but readily dissolved by hot dilute 
acetic acid (distinction from calcium) and by mineral acids. 

BaCls + (NH 4 ) 2 C 204 BaGgO^ + 2NH4Ci 

* A slight turbidity is due to small amounts of ammonixim carbonate often 
present in the reagent. 

t Or a solution of any soluble carbonate. 
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4. Dilute Siilphuric Acid: heavy, white, finely-divided 

precipitate of barium sulphate BaS04, practically insoluble in 
water (2-5 milligrams per litre; S.P. 1*2 X almost in- 

soluble in dilute acids and in ammonium sulphate solution, and 
appreciably soluble in boiling concentrated sulphuric acid: By 
precipitation in boiling solution or preferably in the presence 
of ammonium acetate, a more readily filterable form is obtained. 

BaCla + H2SO4 = BaS04 -f 2HC1 
BaS04 + H2SO4 (cone.) ^ Ba(HS04)2 

If barium sulphate is boiled with a concentrated solution of sodium car- 
bonate, partial transformation into the less soluble barium carbonate occurs 
in accordance with the equation; 

BaS 04 -|- NagCOg ^BaCOg 4- 

Owing to the reversibility of the reaction, the transformation is incomplete. 
If the mixture is filtered and washed (thus removing the sodium sulphate), 
and the residue boiled with a fresh volume of sodium carbonate solution, more 
of the barium sulphate will be converted into barium carbonate. By repeti- 
tion of this process, practically aU of the sulphate can be converted into the 
corresponding carbonate. The carbonate may be dissolved in acids; this 
process therefore provides a method for bringing insoluble sulphates into 
solution. A more expeditious method of obtaining the same result is to fuse 
the barium sulphate with 4~6 times its weight of anliydrous sodium carbonate; 
the maximum concentration of carbonate is thus obtained and the reaction 
proceeds almost to completion in one operation (compare Law of Mass Action, 
Section I, 9). The melt is allowed to cool, extracted with boiling water and 
filtered; the residue of barium carbonate can then be dissolved in the appro- 
priate acid. It has been stated that by boiling barium sulphate with at least 
15 times its equivalent weight of 1-2 AT sodium carbonate solution, 99 per 
cent is converted into barium carbonate in 1 hour. 

5 . Saturated Calcium Sulphate Solution; immediate 
white precipitate of barium sulphate. A similar but more 
trustworthy result is obtained with saturated strontium sul- 
phate solution. 

CaSO^ -f BaQa = BaS 04 + CaClg 

6. Potassium Chromate Solution: yellow precipitate of 
barium chromate BaCr 04 , practically insoluble in water (3-8 
milligrams per litre; S.P. 2-3 X lO-iO) and in dilute acetic acid 
(distinction from strontium and calcium), but readily soluble 
in mineral acids (compare Sections I, 17 and IV, 23). 

KaCrOi + BaClg = BaCrOi + 2KC1 

The addition of acid to potassium chromate solution causes the 
yellow colour of the solution to change to reddish-orange, due to 
the formation of dichromate : 

2Cr04"~ -1- 2HCr04" =^ CrjOr~ H- H,0 

Upon adding a base (e.gf. OH" ions) to a dichromate, the H+ ions 
will be removed, the reaction will proceed from right to left, i.e. 
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chromate will form. In the presence of a large concentration of 
hydrogen ions j the chromate ion concentration will be reduced to 
such a value that the solubility product of BaCrO^ will not be 
attained. Hence to precipitate Ba++ ions as BaCr04, strong acids 
must be removed or neutralised. The addition of sodium acetate 
acts as a buffer by reducing the hydrogen ion concentration and 
complete precipitation of BaCr04 will take place. 

The solubility products for SrCr04 and CaGr04 are much larger 
than for BaCr04 and hence they require a larger Cr04 ion con- 
centration to precipitate them. The addition of acetic acid to the 
K2Cr04 solution lowers the Cr04 ion concentration sufficiently to 
prevent the precipitation of SrCr04 and CaCr04 but is maintained 
high enough to precipitate BaCr04. 

t7. Sodium Rhodizonate Reagent 

/ CO— CO~G.ONa \ 

\ CO— CO— C.ONa / ‘ 

reddish-brown precipitate of the barixxm salt of rhodizonic acid in neutral 
solution. Calcium and magnesium salts do not interfere: strontium 
salts react like those of barium, but only the precipitate due to the 
former is completely soluble in dilute hydrochloric acid. Other 
elements, e,g, those precipitated by hydrogen sulphide and by ammo- 
nium sulphide, should be absent. The reagent should be confined to 
testing for elements in Group IV (calcium group). 

Place a drop of the neutral or faintly acid test solution upon drop- 
reaction paper and add a drop of the reagent. A brown or reddish- 
brown spot is obtained. 

Sensitivity: 0*25 jag. Ba. Concentration limit: 1 in 200,000. 

The reagent consists of a 0*5 per cent aqueous solution of sodium 
rhodizonate. It does not keep well so that only small quantities should 
be prepared at a time. 

In the presence of strontium the reddish-brown stain of barium 
rhodizonate is treated with 0*51^ -hydrochloric acid; the strontium 
rhodizonate dissolves, whilst the barium derivative is converted into 
the brilliant red acid salt. The reaction is best carried out on drop- 
reaction paper as above. 

Treat the reddish-brown spot with a drop of 0*5iV hydrochloric acid 
when a bright red stain is formed if barium is present. If barium is 
absent, the spot disappears. 

Sensitivity: 0*5 jag. Ba in the presence of 50 times the amount of Sr. 

Goncentration limit; 1 in 90,000. 

Dry Test 

Flame color ation.—lBa^ihim salts, when heated in the non- 
luminous Bunsen flame, impart a yellowish-green colour to the 
flame. Since most barium salts, with the exception of the 
chloride, are non-volatile, the platinum wire is moistened with 
concentrated hydrochloric acid before being dipped into the 



302 Qualitative l7iorgamc Analysis [III, 

substance. The sulphate is first reduced to the sulphide in the 
reducing flame, then moistened with concentrated hydrochloric 
acid, and re-introduced into the flame. 

Strontium, Sr 

Strontium is a silver-white, malleable and ductile metal. Its 
properties are similar to those of barium. 

Ill, 30, REACTIONS OF THE STRONTIUM ION, Sr + + 

Use a solution of strontium chloride, SrCl2,6H20. 

1. Ammonia Solution: no precipitate. 

2. Ammonium Carbonate Solution: white precipitate of 
strontium carbonate SrCOs, less soluble in water than barium 
carbonate. Its slight solubility in ammonium salts of strong 
acids is similar to that of BaCOa (see Section III, 29, reaction 2). 

3. Dilute Sulphuric Acid: white precipitate of strontium 
sulphate SrS 04 , very sparingly soluble in water (0*110 g. per 
litre; S.P. 3*6 x 10~''7), insoluble in ammonium sulphate solu- 
tion even on boiling (distinction from calcium) and slightly 
soluble in boiling hydrochloric acid. It is almost completely 
converted into the corresponding carbonate by boiling with a 
concentrated solution of sodium carbonate. 

SrS 04 + NagCOg ^ SrCOs + Na 2 S 04 

4. Saturated Calcium Sulphate Solution: white precipi- 
tate of strontium sulphate, formed slowly in the cold but more 
rapidly on boiling (distinction from barium). 

5. Ammonium Oxalate Solution: white precipitate of 
strontium oxalate, sparingly soluble in water (0*66 g. per litre; 
S.P. 1*4 X 10 '"'7) and in acetic acid, but soluble in mineral acids. 

6. Potassium Chromate Solution: yellow precipitate of 
strontium chromate SrCr 04 from concentrated solutions; the 
precipitate is appreciably soluble in water (1*2 grams per litre) 
and in acetic acid. No precipitation therefore occurs in dilute 
solutions nor from concentrated solutions containing acetic 
acid (distinction from barium ; see Section III, 29, reaction 6). 

t?'. Sodium Rhodizonate Reagent: reddish-brown precipitate of 
strontium rhodizonate in neutral solution. The test is applied to the 
elements of Group IV (calcium group). Barium reacts similarly and a 
method for the detection of barium in the presence of strontium has 
already been described (Section HI, 29, reaction 7). To detect stron- 
tium in the presence of barium, the latter is converted into the insoluble 
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barimn chromate. Barium chromate does not react with sodium 
rhodizonate, but the more soluble strontium chromate reacts normally. 

If barium is absent, place a drop of the neutral test solution on 
drop-reaction paper or on a spot plate, and add a drop of the reagent. 
A brownish-red coloration or precipitate is produced. 

Sensitivity: 4 /xg. Sr. Concentration limit: 1 in 13,000. 

If barium is present, proceed as follows. Impregnate some quanti - 
tative filter paper or drop -reaction paper with a saturated solution of 
potassium chromate, and dry it. Place a drop of the test solution on 
this paper and, after a minute, place 1 drop of the reagent on the 
moistened spot. A browmish-red spot or ring is formed. 

Sensitivity: 4 /xg. Sr in the presence of 80 times the amount of Ba. 
Concentration limit: 1 in 13,000. 

For further details of the reagent, see under Barium, Section III, 29, 
reaction 7 , 

Dry Test 

Flame coloration . — Volatile strontium compounds, especially 
the chloride, impart a characteristic carmine^red colour to the 
non-luminous Bunsen flame (see remarks under Barium). 

Calcium, Ca 

Calcium, like the other elements of this group, is a silver- white 
metal and possesses similar properties. It is, however, only slightly 
attacked by concentrated nitric acid, 

111, 31. REACTIONS OF THE CALCIUM ION, Ca + + 
Use a solution of calcium chloride, CaCl2,6H20. 

1. Ammonia Solution: no precipitate. The result is 
similar to that for barium ions. 

2. Ammonium Carbonate Solution: white amorphous 
precipitate of calcium carbonate CaC 03 , which becomes 
crystalline on boiling. The precipitate is soluble in water 
containing excess of carbonic acid, due to the formation of 
the soluble bicarbonate. This remark applies also to the car- 
bonates of strontium and barium. 

CaCOg + HgO + CO 2 ^ Ca(HC 03)2 

Calcium carbonate is slightly soluble in solutions of ammonium 
salts of strong acids (compare BaCOs, Section III, 29, reaction 
2). 

3. Dilute Sulphuric Acid: white precipitate of calcium 
sulphate CaS 04 , 2 H 20 from concentrated solutions (see re- 
action JO below). The precipitate is appreciably soluble in 



304 Qmlitative Inorganic AnMysia [III, 

water (2*0 grams per litre at 25*^; S.P. 2*3 X 10 '•4), is more 
soluble in acids than either strontium or barium sulphates, 
and is readily soluble in hot concentrated ammonium sulphate 
solution owing to the formation of a complex salt (distinction 
from strontium). 

CaS04 + (]SnH4)2S04 = (NH4)2[Ca(S04)2] 

4. Saturated Calcium Sulphate Solution: no precipitate 
(difference from strontium and barium). 

5. Ammonium Oxalate Solution: white precipitate of 
calcium oxalate CaC 204 ,H 20 , immediately from concentrated 
solutions and slowly from dilute solutions. Precipitation is 
facilitated by making the solution alkaline with ammonia 
solution. The precipitate is practically insoluble in water (8 
milligrams per litre at 20°; S.P. 3*8 X 10““9)^ insoluble in acetic 
acid, but readily dissolved by mineral acids (compare Section 
1,17). 

6. Potassium Chromate Solution: no precipitate in dilute 
solutions (solubility 23 grams per litre) nor from concentrated 
solutions containing free acetic acid (compare Section III, 29, 
reaction 6). 

7. Potassium Ferrocyanide Solution; white precipitate 
of calcium potassium ferrocyanide CaK 2 [Fe(CN)e] is produced 
by excess of the reagent. The test is more sensitive in the 
presence of excess of ammonium chloride solution; a white 
precipitate of calcium potassium ammonium ferrocyanide of 
variable composition is formed (distinction from strontium). 
Large amounts of barium and of magnesium interfere, since 
they give a similar reaction. 

CaClg + K:4[Fe(CN)6] = CaK2[Pe(CN)e] + 2K01 

Sodium Dihydroxytartrate Osazone Reagent 

CeHs.OT--.N==C--COONa 

C,H5.NH-N=(i!-OOONa 

yellow sparingly-soluble precipitate of the calcium salt. All other 
metals, with the exception of alkali and ammonium salts, must be 
absent. Magnesium does not interfere provided its concentration does 
not exceed 10 times that of the calcium. 

Place a drop of the neutral test solution on a black spot plate or upon 
a black watch glass, and add a tiny fragment of the solid reagent. If 
calcium is absent, the reagent dissolves completely. The presence of 
calcium is revealed by the formation over the surface of the liquid of a 
white film which ultimately separates as a dense precipitate. 

Sensitivity: 0-01 jug. Ca. Concentration limit: 1 in 5,000.000. 
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The reagent is useful inter alia for the rapid differentiation between 
tap and distilled water: a positive result is obtained with a mixture of 
1 part of tap water and 30 parts of distilled water. 

fP. PicroloBic Acid (or l-j)-Nitrophenyl-3-methyl-4-iiitro-5- 
pyrazolone) Reagent 



characteristic rectangular crystals of calcium picrolonate 

Ca(CioHAN4)2,8H20 

in neutral or acetic acid solutions. Strontium and barium give pre- 
cipitates but of different crystalline form. Numerous elements, includ- 
ing copper, lead, thorium, iron, aluminium, cobalt, nickel and barium, 
interfere. 

Place a drop of the test solution (either neutral or acidified with acetic 
acid) in the depression of a warm spot plate and add 1 drop of a saturated 
aqueous solution of picrolonic acid. Characteristic rectangular crystals 
are produced. 

Sensitivity: 100 /xg. (in 6 ml.). Concentration limit: 1 in 60,000. 
The sensitivity is 0*01 /xg. (in 0*01 ml.) under the microscope. 

flO, Calcium Sulphate Dihydrate (Microscope) Test. — This is 
an excellent confirmatory test for calcium in Group IV; it involves 
the use of a microscope (magnification about 110 X). The salts should 
preferably be present as nitrates. 

Evaporate a few drops of the test solution on a watch glass to dryness 
on a water bath, dissolve the residue in a few drops of water, transfer 
to a microscope slide, and add a minute drop of dilute sulphuric acid. 
(It may be necessary to warm the slide gently on a water bath until 
crystallisation just sets in at the edges.) Upon observation through a 
microscope, bundles of needles or elongated prisms will be visible if 
calcium is present. 

Concentration liilnt; ! in 6,000. 

It may be noted that barium and strontium nitrates are practically 
insoluble in absolute ethyl alcohol and also in 83 per cent nitric acid, 
whilst calcium nitrate is very soluble in absolute alcohol and fairly 
soluble in the concentrated nitric acid. The best method for separating 
Sr and Ca makes use of 83 per cent nitric acid (see the various Group IV 
separation tables). 

Dry Test 

Flame coloration . — ^Volatile calcium compounds impart a 
yellowish-red colour to the Bunsen flame (see remarks under 
Barium). 
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BETIOTIOK AND ' SEPARATION OE THE METALS IN THE CALOroM GROUP 

(GROUPIV) 

It is assumed tliat the metals of Groups I to IIIB have been 
removed as already described, or that only metals of the alkaline 
earth group are present. As in previous group separations, the 
student should prepare or obtain from the teacher a solution con- 
taining some or all of the simple salts of the metals of Group IV. 

The filtrate from Group IIIB, if employed, should be evaporated 
to dryness (moist paste) in an evaporating dish [FUME CUP- 
BOARD], allowed to cool, and about 4 ml. of concentrated nitric 
acid added slowly and in such a manner as to wash down the pre- 
cipitate on the sides to the bottom of the dish. Evaporation is 
then continued cautiously until dry and then more strongly until 
no more fumes of ammonium chloride are evolved. The residue is 
allowed to cool, dissolved in a little dilute hydrochloric acid, trans- 
ferred to a test-tube, and a little ammonium chloride solution added. 
The clear solution may then be treated with ammonia solution until 
alkaline and Group IV precipitated with ammonium carbonate 
solution. 

The reason for the above operation is that the filtrate from Group 
IIIB contains a very high concentration of ammonium salts — ^far 
higher than is necessary to prevent the precipitation of magnesium 
hydroxide. The excessive concentration of ammonium ions will 
lower the CO 3 ion concentration of the solution (when ammonium 
carbonate solution is added) to such an extent that appreciable 
amounts of the carbonates of Ba, Sr and Ca may not be precipitated : 

CO 3"“ + NH4+ NH3 -f HCOg'" 

The effect is due to the acidic properties of the ammonium ion, which 
acts as a donor of protons to the carbonate ion. For this reason, it 
is recommended that practically all the ammonium salts be elimina- 
ted with concentrated nitric acid: 

NH4+ + ISrOg' ^ == NgO + SHjjO 

The latter reaction takes place at a lower temperature than that 
necessary to remove ammonium salts by sublimation. 

It may be noted that the precipitation with ammonium carbonate 
takes place in hot solution, due to the fact that the carbonates are 
thus obtained in a more granular form and are therefore more easily 
filtered and washed. The solution must not be boiled as this 
decomposes the reagent and may result in some redissolution of the 
carbonates: 

(NHjgCOg - 2NH3 + CO3 -f H3O 
BaCOs + SNHiCl = BaClg + 2NH3 + COg + H^O 

When reprecipitating SrCOg and/or CaCOg in the subsequent 
separation, it is probably better to use a little ISTaoCO^ than 
(NH4)3C03. 
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III, 32. Table VI. Analysis of the Calcium Group 

(Group IV) 

Add 1-2 ml. of NH4CI solution, NH3 solution imtil just basic, followed 
by (]SrH4)2C03 solution until precipitation is complete. Heat on a vp-ater 
bath, with stirring, at 60-70 “(7 for 5 minutes. Filter, wash with a little 
hot water and discard the filtrate and washings. 

The residue may contain BaCO 3, SrCOg and CaCOg. (T) Dissolve 
the ppt. in 5 ml. of hot %N acetic acid by pouring the acid repeatedly 
through the filter paper. Test 1 ml. for barium by adding K2Cr04 
solution dropwise to the nearly boiling solution. A yellow ppt. indicates 
Ba. . , 

Ba present. — ^Heat the remainder of the solution almost to boiling, 
and add a slight excess of K2Cr04 solution (^.e. until the solution assumes 
a yellow tint). Filter and wash the ppt. (C) with a little hot water. 
Bender the hot filtrate and washings basic with NHg solution and add 
an excess of (NH4)2C03 solution or, better, a little solid NagCOs. A 
white ppt. indicates the presence of SrCOg and/or CaOOg. Wash the 
ppt. with hot water, and dissolve it in 4 ml. of warm 2i^-acetic acid: 
boil to remove excess of CO 2 (solution A). 

Ba absent. — Discard the portion used in testing for barium, and 
employ the remainder of the solution (15), after boiling for 1 minute to 
expel CO 2, to test for strontium and calcium. 

Residue (C). Solution A or Solution B. The volume 

Yellow: BaCr04. should be about 4 mi. 

Wash well with hot Either — ^To 2 ml. of the cold solution, add 2 ml. 

water. Dissolve the of saturated (NH4)2S04 solution, followed by 0*2 
ppt. in a little con- gram of sodium thiosulphate, heat in a beaker of 
centratedHCl,evapo- boiling water for 5 minutes, and allow to stand 
rate almost to dry- for a short time. Filter. 

ness, and apply the Or — ^To 2 ml, of the solution, add 2 ml. of tri- 

flame test. ethanolamine, 2 ml. of saturated (NH4)2S04 

Green (or yellowish- solution, heat on a boiling water bath with 
green) flame. vigorous stirring for 5 minutes, and allow to stand 

Ba present, for 1-2 minutes. Dilute with an equal volume 

(Use spectroscope, of water and filter. 

if available.) — — ^ ^ ^ — — — — — 

Residue* Largely Filtrate. May 

SrS04. Wash with a little contain Ca complex, 
water. Transfer ppt. and (If Sr absent, use 

filter paper to a small 2 ml. of solution A 
crucible, heat until paper or B.) Add a little 
has charred (or bum filter (KH4)2C204 solution* 
paper and ppt., held in a and warm on a water 
Ft wire, over a crucible), bath, 
moisten ash with a few Whit© ppt. of 
drops of concentrated CaC204. 

HCi and apply the flame Ca present, 

test. Confirm by flam© 

Crimson flame. test on ppt. — brick- 

Sr present* red flame. 

(Use spectroscope, if (Use spectroscope, 

available.) if available.) 

* When triethanolamine has been employed in the separation of Sr and Ca, 
the addition of a little acetic acid (t.e. tmtil the solution is faintly acid) may 
assist the precipitation of the CaC204. 
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III, 32. Table SMVI. Analysis of the Calcium Group 

(Group IV) 

Add a few drops of 3SrH4Cl solution, render alkaline with concentrated 
HHg solution and add, with stirring, 0*5 ml. of (NH4)2GO 3 solution (1). 
Heat on a water bath to 60-70®C, with stirring, for several minutes. 
Centrifuge. 

Residue. May contain BaCOg, SrCOg and CaCOg. Centrifugate 
Wash with a little hot water and reject washings. (T) Discard. 
Treat the ppt. with 0-5 ml. of dilute acetic acid and stir, 

Hace in a hot water bath xmtil the ppt. has dissolved. 

Dilute with 0-5 ml. of water. Test 3-4 drops of the hot 
solution for barium by adding a drop or two of KaCr04 
solution. A yellow ppt. (Ba(>04) indicates Ba present. 

Ba present. — ^To the remainder of the hot solution add a slight excess 
of K2^^G4 solution {i.e. until the solution acquires an orange tint), and 
separate the ppt. of BaCr04 (O) by centrifugation. Render the centri- 
fugate alkaline with NHg solution, and add excess of (NH4)2C03 
solution or, better, a little solid NaaCOg. Place the tube in the hot 
water bath. A white ppt. indicates SrCOg and/or CaCOg. Centrifuge 
and wash with a little hot water. Dissolve the ppt. in 0-5-1 ml. of 
dilute acetic acid, and place the tube in a hot water bath to remove 
the excess of CO2 (solution A). 

Ba absent. — Discard the portion used in testing for barium, and 
employ the remainder of the solution (J5) in testing for strontium and 
calcium after heating on a water bath for a few minutes to expel CO 2* 

Residue (O). Solution A or Solution B. Adjust volume 

Yellow: BaC!r04. to 2 ml. (solution D) by evaporation or dilution 

Wash with hot as necessary. 

water. Dissolve in a Either — ^To 1 ml. of solution, add 1 ml. of 

few drops of concen- saturated (NH4)aS04 solution followed by 0-1 
trated HCi, evaporate gram of sodium thiosulphate, heat on a water 
almost to diyness in bath for 5 minutes, and allow to stand for a 
a small crucible, and short time. Centrifuge. 

apply the flame test. Or — ^To 1 ml. of solution, add 1 ml. of tri- 

Green( or yellowish- ethanolamine and 1 ml. of saturated (1^4) 2804 
green) flame. solution, heat on a water bath with stirring for 

Ba present. 5 minutes, and allow to stand for 1-2 minutes. 

(Use spectroscope. Centrifuge. 

if available.) ■ — ^ ^ — • — ^ — — — . — , 

Residue. Largely Centrifugate. 
SrS04. Wash with a May contain Ca corn- 
little water. Stir the plex. (If Sr absent, 
ppt. with 3-4 drops of use 1 ml. of solution 
water, transfer the sus- D.) Add a few drops 
pension by means of a of (N'H4)2G204 solu- 
capillary dropper to 1 tion (21 and warm 
sq. cm. of quantitative on a water bath, 
filter paper contained in White ppt. of 
a 5 noil, crucible. Ignite CaC204. 
until paper has charred, Ca present, 
add 1-2 drops of con- Confirm by flame 
eentrated HCI, and test — brick-red 
apply the flame test. flame. 

Crimson flame, (Use spectroscope, 

Sr present, if available.) 

(Use spectroscope, if 
available.) 
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111, 32. Table SMVIA. Analysis of Calcium Group 

(Group IV) 


Add a few drops of NH4CI solution, make alkaline with concentrated 
NH3 solution and add, with stirring, 0*5 ml. of {NH4)2C03 solution (1). 
Heat on a water bath to 60-70 with stirring, for several minutes. 
Centrifuge. 

Residue. May contain BaCOs, SrCOg and GaCOg. Centrifugate. 
Wash well with a little hot water and reject washings. Discard. 

(T) Treat the ppt. with 0- 5 ml. of dilute acetic acid, place 
in a hot water bath and stir until dissolved. Dilute with 
0-5 ml. of water. Test 3-4 drops of the hot solution for 
barium by adding a drop or two of K!2Cr04 solution. A 
yellow ppt, {BaCr04) indicates Ba present. 

Ba present.— -To the remainder of the hot solution add a slight 
excess of until the solution just assumes an orange 

tint), and centrifuge the ppt. of BaCr04 (0). Transfer the centrifugate 
(solution A) by means of a capillary dropper to another centrifuge tube : 
wash the ppt, with 0*5 ml. of water and combine the washings with 
solution A. 

Ba absent. — ^Discard the portion used in testing for barium, and 
employ the remainder of the solution (B) in testing for strontium and 
calcium after heating on a water bath for a few minutes to expel COg. 

Residue (0). Solution A or Solution B. Render alkaline 
Yellow; BaCr04. with NHg solution, and add excess of (NH4)2C03 

Dissolve in a solution or, better, a little solid HagCO 3. Place the 

few drops of con- tube in a hot water bath. A white ppt, indicates 

I centrated HCl, the presence of SrCOg and/or CaCOs. Centri- 

evaporate to dry- fuge: discard centrifugate. Wash with 0*5 ml. of 

ness in a small hot water and centrifuge : remove the supernatant 

! c r u c i b 1 e a n d liquid as compUtdy as possible with a capillary 

apply the fiame dropper. Add 4 drops of 83% HKD 3 (2), and cool 

I test. Green (or in a stream of cold water from the tap. Add 

I yellowish-green) further 4-5 drop portions of 83% HNO 3, with 
flame. stirring, from a T.K. dropping bottle until 2 ml. (3) 

Ba present. are introduced. Stir for 3-4 minutes, and centri- 

(Us© spectro- fuge. 

scope, if avail- ■ — ^ ^ ^ — — — — — — 

able.) Residue, Centrifugate (D). May contain 

White: Ca(N03)3. Transfer moat of the 

SrCNOg)^. liquid to a semimicro boiling tube ora 
Sr present, small crucible, and evaporate almost 
Conflrm by to dryness (FUME CUPBOARD), 
flame tegt. Transfer to a centrifuge tub© with 
Crimson the aid of 0-5-1 ml. of water, 
flame. render alkaline with NH3 solution, 

(Use and add excess of (NH4)2C204 

spectro- solution (4). Allow to stand in a hot 
scope, if water bath for 2-3 minutes, 
available.) Whit© ppt. of CaC204. 

Ga present. 

! Centrifuge, and conflrm Ca in the 

i ppt. by the flame test — ^brick-red 

! flame. 

(Use spectroscope, if available.) 

Alternatively, confirm Ca by the 
GaS04,2H20 (microscope) test (5). 
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Notes to Table SMVI 

Notes. (I) If the filtrate from Group IIIB is employed, it is necessary to 

remove the excess of ammoniima salts. Evaporate to a moist paste in a 
small crncible, allow to cool, add 1 ml. of concentrated HNO 3 (by means of a 
dropper) around the walls of the crucible so as to wash most of the adhering 
salt to the centre. Heat (FUME CUPBOARD) cautiously at first and then 
more strongly until no further fumes of ammonium salts are evolved. Allow 
to cool, add 5 drops of dilute HCl and 15 drops of water, transfer the solution 
to a centrifuge tube, rinse the crucible with 10 drops of water and combine 
the rinsings with the solution in the tube. To the clear solution add a few 
drops of ]SrH 4 Gl solution, render alkaline with concentrated ammonia solution^ 
and add 0*5 ml. of (NH 4 ) 2 C 03 solution with stirring. Heat on a water bath, 
with stirring, at 60~70°d for a few minutes. Centrifuge. 

( 2 ) If triethanolamine has been employed in the separation of Sr and Ca, 
the addition of a little acetic acid until faintly acid may assist the precipitation. 

Notes TO Table SMVIA 

Notes. (1) See A'o^e 1 to Table SMVI, 

(2) The 83 per cent HNO 3 (in which Sr(N 03)2 is almost insoluble) is prepared 
by adding 100 grams (68’0 ml.) of concentrated HNO3 (sp. gr. l42: ca. 70%) 
to 100 grams (66-2 ml.) of fuming HNO 3 (sp. gr. 1*5: ca. 95%). 

(3) The T.K. bottle, charged with 83 per cent HNO 3 , should be calibrated. 
The acid should be added dropwise to a clean 5 ml. measuring cylinder until 
the 2 ml. mark is reached and the number of drops counted. It is advisable 
to place a small label on the T.K, bottle stating the number of drops per ml. 

(4) The addition of dilute acetic acid until faintly acid may assist the 
precipitation of the CaC 204 . 

(5) Place 1 drop of the centrifugate I) on a microscope slide and add 1 drop 
of dilute H 2 SO 4 . Concentrate by placing the slide on a micro crucible and 
warming gently until crystallisation jmt commences. Examine the crystals 
in a microscope (magnification: ca. xXOO). Bundles of needles or elongated 
prisms confirm Ca. 

THE ALKALI GROUP (GROUP V) 

MAGNESIUM, SODIUM, POTASSIUM AND 
AMMONIUM 

The metals of this group are not precipitated by the earlier group reagents. 
Sodium and potassium belong to the alkali metal group; ammonium is 
included in this group since its compounds resemble those of the alkali metals, 
particularly those of potassium. Ma^esium, although associated with the 
alkaline earths in the periodic table, is incorporated in this group because 
its carbonate is not precipitated by ammonium carbonate solution in the 
presence of ammonium chloride. 

Magnesium, Mg 

Magnesium is a white, malleable and ductile metal which bums 
in air or oxygen with a brilliant white light, forming the oxide MgO 
and a little nitride Mg 3 N 2 . The metal is slowly decomposed by 
water at the ordinary temperature but rapidly at 100 °. It is readily 
soluble in acids Hberating hydrogen. The salts may be regarded 
as derived from the basic oxide MgO. 
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III, 33. REACTIONS OF THE MAGNESIUM ION, Mg+ + 

Use a solution of magnesium sulphate, MgS04,7H20. 

2. Ammonia Solution: partial precipitation of white 
gelatinous magnesium hydroxide Mg(0H)2, very sparingly 
soluble in water (12 milligrams per litre; S.P. 3-4 x lO-ii) 
but readily soluble in solutions of ammonium salts. ’ 


MgS 04 + 2NH3 + 2H2O ^ Mg(OH)2 + (NH 4 ) 2 S 04 

As the reaction progresses, the concentration of the ammonium ions due 
to the dissociation of the completely ionised ammonium salt, increases’ and 
consequently the concentration of the hydroxyl ions decreases owinsr to the 
common ion effect (compare Section I, 14). The small hydroxyl ion ooneen 
tration, already low, is decreased still further so that much of the maenesimn 
salt remains m solution In the presence of a sufficient concentrltion of 
ammomuin sa,lts, the hydroxyl ion concentration is reduced to such an extent 
that the solubility product of Mg(OH )2 isnot exceeded (compare Section I 15) • 
hence magnesia is not precipitated by ammonia solution in the presence of 
ainmomimi chloride or other ammomtim salts. ^ 


2. Sodium Hydroxide Solution : white precipitate of mag- 
nesium hydroxide, insoluble in excess of the reagent, but 
readily soluble in solutions of ammonium salts. 

3. Ammonium Carbonate Solution: white precipitate of 
basic magnesium carbonate, often only on boiling or on long 
standing. No precipitate is obtained in the presence of ammo- 
nium salts of strong acids, since the high concentration of 
ammomum ions will lower the CO3 ~ ion concentration of the 
solution when ammonium carbonate is added to so low a value 
that the solubility product of MgCOg (2-6 x 10-5) is not 

NH4+ + COs“ ^ NH3 -h HGOg” 

4. Sodium Carbonate Solution: white voluminous pre- 
cipitate of basic carbonate 4MgC03,Mg(OH)j,5H,0 or 
[Mg(MgC03)4](0H)2, insoluble in solutions of bases, but soluble 
in acids and in solutions of ammonium salts. 

5MgS04 -f SNagCOg -t- H 2 O 

= 4MgC03,Mg(0H)2 -t- 5Na2S04 -f CO 2 

5. Sodium Phosphate Solution: white crystalline precipi- 
tate of magnesium ammonium phosphate Mg(NH4)P04,6H20 
in the presence of ammonium chloride (to prevent the predpita- 
tion of magnesium hydroxide) and ammonia solutions; the pre- 
cipitate is sparingly soluble in water, soluble in acetic acid and 
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in mineral acids. The normal solubility of Mg(NH 4 )P 04 , 6 H 20 
is increased by its hydrolysis in water: 

Mg(NH4)P04 +H2O ^Mg++ +HPO4” +NH^ + H2O 

this tendency is reduced by moderate amounts of ammonia (it 
is found that the compound is very sparingly soluble in 2-5 per 
cent ammonia solution). The precipitate separates slowly 
from dilute solutions because of its tendency to form super- 
saturated solutions ; this may usually be overcome by cooling 
and by rubbing the test-tube or beaker beneath the surface of 
the liquid with a glass rod. 

A white flocculent precipitate of magnesium hydrogen phos- 
phate MgHP 04 is produced in neutral solutions. 

MgS 04 + Na2HP04 + NH3 = Mg{NH4)P04 + Na2S04 
MgS04 + Na 2 HP 04 == MgHP04 + Na 2 S 04 

6. Diphenyl -carbazide Reagent (CeHs.NH.NH.CO.NH.- 
NH.CgHg). — ^The magnesium salt solution is treated with 
sodium hydroxide solution— a precipitate of magnesium hy- 
droxide will be formed — ^then with a few drops of the diphenyl- 
carbazide reagent and the solution filtered. On washing the 
precipitate with hot water, it will be seen to have acquired a 
violet-red colour, due to the formation of a complex salt or an 
adsorption complex. Metals of Groups II and III interfere 
and should therefore be absent. 

The reagent is prepared by dissolving 0*2 gram of diphenyl- 
carbazide in 10 ml. of glacial acetic acid and diluting to 100 
mi. with rectified spirit. 

7. 8 -Hydroxy -quinoline or “Oxine” Reagent 



When a solution of a magnesium salt, containing a little 
ammonium chloride, is treated with 1-2 ml. of the reagent 
which has been rendered strongly ammoniacal by the addition 
of 3-4 ml. of dilute ammonia solution and the mixture heated 
to the boiling point, a yellow precipitate of the complex salt 
Mg(C9H6N.0)2,4H20 is obtained. All other metals, except 
sodium and potassium, must be absent. 

The reagent is prepared by dissolving 2 grams of oxine in 
100 ml. of 2N acetic acid. 
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8, para -Nitrobenzene -azo -resorcinol (or Magneson I) 



Reagent.— This test depends upon the adsorption of the 
reagent, which is a dyestuff, upon Mg(OH )2 in alkaline solution 
whereby a blue lake (compare Section I, 43) is produced. 
Two ml. of the test solution, slightly acid with hydrochloric 
acid, is treated with 1 drop of the reagent and sufficient N 
sodium hydroxide solution to render the solution strongly 
alkaline, say 2-3 ml. A blue precipitate appears. This is an 
excellent confirmatory test in macro analysis, but it is essential 
to perform a blank test with the reagents, which frequently 
yield a blue coloration. For this reason a blue precipitate 
should be looked for. All metals, except those of the alkalis, 
must be absent. Ammonium salts reduce the sensitivity of 
the test by preventing the precipitation of Mg(OH) 2 , and 
should therefore be eliminated. 

The reagent (for macro analysis) consists of a 0*5 per cent 
solution of j9-nitrobenzene-azo-resorcinol in 0*25iV' sodium 
hydroxide. 

t The spot-test technique is as follows. Place a drop of the test 
solution on a spot plate and add 1-2 drops of the reagent. It is essential 
that the solution be strongly alkaline; the addition of 1 drop of N 
sodium hydroxide may be advisable. According to the concentration 
of magnesium a blue precipitate is formed or the reddish- violet leagent 
assumes a blue colour. A comparative test on distilled water should 
be carried out. 

Sensitivity: 0*5 jig. Mg. Concentration limit: 1 in 100,000. 

Filter or drop -reaction paper should not be used. 

The reagent is prepared by dissolving 0*001 gram of the dyestuff 
in 100 ml. of iV sodium hydroxide. 

An alternative agent is para-nitrobenzene-azo-a-naphthol or 
Magneson II 



It yields the same colour changes as Magneson I, but has the advantage 
that it is more sensitive (sensitivity: 0*2 ^g. Mg; concentration limit: 
1 in 250,000) and its tinctorial power is less so that the blank test is not 
so deeply coloured. Its mode of use and preparation are identical with 
that described above for Magneson L 
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Titan Yellow Reagent,— Titan yellow (also known as Clayton 
Yellow and Thiazole Yellow) is a water-soluble yellow dyestuff. It is 
adsorbed by magnesium hydroxide producing a deep red colour or 
precipitate. Barium and calcium do not react but intensify the red 
colour. All elements of Groups I to IIIB should be removed before 
applying the test. 

Place a drop of the test solution on a spot plate, introduce a drop of 
reagent and a drop of 0* IN sodium hydroxide. A red colour or precipi- 
tate is produced. 

An alternative technique is to treat 0*5 ml. of the neutral or slightly 
acidic test solution with 0*2 ml. of the reagent and 0*5 ml. of 0*lN 
sodium hydroxide solution. A red precipitate or coloration is produced. 

Sensitivity: 1*5 /xg. Mg. Concentration limit: 1 in 33,000, 

The reagent consists of a Od per cent aqueous solution of titan yellow, 

^10, Omiializarin* Reagent: blue precipitate or cornffower-biue 
coloration with magnesium salts. The coloration can be readily distin- 
guished from the blue-violet colour of the reagent. Upon the addition 
of a little bromine water, the colour disappears (difference from beryl- 
lium). The alkaline earth metals and aluminium do not interfere under 
the conditions of the test, but all elements of Groups I to IIIB should 
be removed. Phosphates and large amounts of ammonium salts 
decrease the sensitivity of the reaction. 

Place a drop of the test solution and a drop of distilled water in 
adjacent cavities of a spot plate and add 2 drops of the reagent to each. 
If the solution is acid, it will be coloured yellowish -red by the reagent. 
Add 2N sodium hydroxide until the colour changes to violet and a 
further excess to increase the volume by 26 to 50 per cent. A blue 
precipitate or coloration appears. The blank test has a blue-violet 
colour. 

Sensitivity: 0*25 /xg. Mg. Concentration limit: 1 in 200,000. 

The reagent is prepared by dissolving 0*01-0*02 gram of quinalizarin 
in 100 ml. of alcohol. Alternatively, a 0*06 per cent solution in 0*^ 
sodium hydroxide may be used. 

Dry Test 

Blowpipe test . — ^All magnesium compounds when ignited on 
charcoal in the presence of sodium carbonate are converted 
into white magnesium oxide, which glows brightly when hot. 
Upon moistening with a drop or two of cobalt nitrate solution 
and reheating strongly, a pale pink mass is obtained. 

Potassium, K 

Potassium is a soft, silver-white metal. It remains unchanged 
in dry air, but is rapidly oxidised in moist air, becoming covered 
first with a blue film. The metal decomposes water violently, 
evolving hydrogen and burning with a violet flame. Potassium is 
usually kept under solvent naphtha. The salts are derived from 
the normal oxide K^/O. 

* Fov formula, see under Alummium, Section III, 21, reaction JO. 
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III, 34. REACTIONS OF THE POTASSIUM ION, K + 

Use a solution of potassium chloride, KOI. 

. /. Sodium Cobaltinitrite Solution (Na3[Co(N02)6]): 
yellow precipitate of potassium-sodium cobaltinitrite K2Na 
[Co(N 02)6]. insoluble in dilute acetic acid solution. The preci- 
pitate forms immediately in concentrated solutions and slowly 
in dilute solutions ; precipitation may be accelerated by warming. 
Ammonium salts give a similar precipitate and must therefore 
be completely eliminated before applying the test. In alkaline 
solutions, a brown or black precipitate of cobaltic hydroxide 
Co(OH) 3 is obtained. Iodides and other reducing agents inter- 
fere and should be removed before applying the test. 

Na3[Co{N02)8l (excess) -f 2KC1 = KzNaCCofNOzle] -f 2NaCl 
Nas[Co(N02)el 3KCI (excess) = Ks[Co(N02)e] ■+ 3NaCl 

2. Tartaric Acid Solution (H2.C4H4O6)*; white crystalline 
precipitate of potassium acid tartrate KH.C4H4O6 from con- 
centrated solutions. The precipitate is slightly soluble in water 
(3'2 grams per litre; S.P. 3-0 x 10~*), insoluble in 60 per cent 
alcohol, soluble in mineral acids, and also in solutions of alkalis 
with the formation of the normal salts, e.gr. K2.C4H4O6. Pre- 
cipitation is accelerated by vigorous agitation of the solution, 
by scratching the sides of the vessel with a glass rod and by 
adding alcohol. Ammonium salts yield a similar precipitate 
and must be absent. 

KCl -h H2.C4H4O6 = KH.C4H4O6 -f HCl ; 

KCI -f NaH.C4H4O0 = KH.C4H4O6 -f NaQ 

3. Perchloric Acid Solutionf (HCIO4): white crystalline 
precipitate of potassium perchlorate KCIO4 from not too dilute 
solutions. The precipitate is slightly soluble in water (3-2 grams 
and 198 grams per litre at 0° and 100° respectively) and 
practically insoluble in absolute alcohol. The alcoholic solution 
should not be healed as a dangerous explosion may result. This 
reaction is unaffected by the presence of ammonium salts. 

HCIO4 + KCl = KCIO4 + HCl 

4. Chloroplatinic Acid Solution (H2[PtCl6]): yellow 
crystalline precipitate of potassium chloroplatinate K2[PtCl8] 
from concentrated solutions; in dilute solutions, precipitation 
takes place slowly on standing, but may be hastened by cooling 

* Or preferably saturated sodium hydrogen tartrate solution, 
t Twenty per cent strength. An equivalent result is obtained by the use 
of sodium perchlorate solution. 
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and by mbbing the sides of the vessel with a glass rod. The 
precipitate is slightly soluble in water, but is almost insoluble 
in 7 5 per cent alcohol. Ammonium salts give a similar precipi- 
tate and must be absent, 

2KC1 + HgEPtCy == K 2 [PtCl 6 ] + 2HCi^ 

The reagent is prepared by dissolving 2*7 grams of the 
hydrated chloroplatinic acid H 2 [PtCle], 6 H 20 in 10 ml. of water. 
Owing to its expensive character, only small quantities should 
be employed and all precipitates placed in the platinum 
residues bottle. 

Sodium Gobaltinitrite-Silver Nitrate Test. — TMs is a 
modification of reaction 1 and is applicable to halogen -free solutions. 
Precipitation of potassium salts with sodium cobaltinitrite and silver 
nitrate solution gives the compound K 2 Ag[Co(N 02 ) 6 ], which is less 
soluble than the corresponding sodium compoimd K 2 Na[Co(N 02 ) 6 ] and 
hence the test is more sensitive. Lithium, thallium and ammonium 
salts must be absent for they give precipitates with sodium cobalti- 
nitrite solution. 

Place a drop of the neutral or acetic acid test solution on a black 
spot plate, and add a drop of 0*05 per cent silver nitrate solution and a 
small amount of finely -powdered sodium cobaltinitrite. A yellow pre- 
cipitate or turbidity appears. 

Sensitivity: I fig. K. Concentration limit: 1 in 50,000, 

If silver nitrate solution is not added, the sensitivity is 4 fig. K. 

t<?. Dipicrylamine (or Hexanitro-diphenylamiue) Reagent 



the hydrogen atom of the NH group is replaceable by metals; the 
sodium salt is soluble in water to yield a yellow solution. With solu- 
tions of potassium salts, the latter gives a crystalline orange-red precipi- 
tate of the potassium derivative. The test is applicable in the presence 
of 80 times as much sodium and 130 times as much lithium. Ammo- 
nium salts should be removed before applying the test. Magnesium 
does not interfere. 

Place a drop of the neutral tet solution upon drop -reaction paper 
and immediately add a drop of the slightly alkaline reagent. An 
orange-red spot is obtained, which is unaffected by treatment with 1-2 
drops of 2iV hydrochloric acid. 

Sensitivity: 3 ftg. K. Concentration limit: 1 in 10,000. 

The reagent is prepared by dissolving 0*2 gi*am of dipicrylamine in 
20 ml. of boiling 0*l^-sodium carbonate and ffitering the cooled liquid. 
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Dry Test 

Flame coloration. — Potassium compounds, preferably the 
chloride, colour the non-luminous Bunsen flame violet (lilac). 
The yellow flame produced by small quantities of sodium 
obscures the violet colour, but by viewing the flame through 
two thicknesses of cobalt blue glass, the yellow sodium rays 
are absorbed and the reddish- violet potassium flame becomes 
visible. A solution of chrome alum (310 grams per litre), 3 cm. 
thick, also makes a good filter. 

SoBiUM, Na 

Sodium is a silver-white, soft metal. It oxidises rapidly in moist 
air and is therefore kept under solvent naphtha or xylene. The 
metal reacts violently with water forming sodium hy^oxide and 
evolving hydrogen. The salts are derived from the monoxide lsra20. 

Ill, 35. REACTIONS OF THE SODIUM ION, Na + 

Use a solution of sodium chloride, NaCl. 

1. Uranyl Magnesium Acetate Solution: yellow, crystal- 
line precipitate of sodium magnesium uranyl acetate 
NaMg(U02)3(C2H302)9,9H20 from concentrated solutions. The 
addition of about one-third volume of alcohol helps the pre- 
cipitation. 

NaCl + 3U02(C2H302)2 + ^^(^22302)2 + H.C2H3O2 

= NaMg(U02)3(C2H302)9 + HCl 

The reagent is prepared as follows. Dissolve 10 grams of uranyl 
acetate U02{C2H302)2 j 2H20 in 6 grams of glacial acetic acid and 
100 mi. of water (solution a). Dissolve 33 grams of magnesium 
acetate Mg(02H302}24H20 in 10 grams of acetic acid and 100 ml, 
of water (solution 6). Mix the two solutions a and 6, allow to 
stand for 24 hours, and filter. Alternatively, a reagent of equivalent 
concentration may be prepared by dissolving uranyl magnesium 
acetate in the appropriate volume of water or of N acetic acid, 

2. Chloroplatinic Acid, Tartaric Acid or Sodium 
Cobaltinitrite Solution: no precipitate with solutions of 
sodium salts. 

3 . Uranyl Zinc Acetate Reagent. — ^As a delicate test for 
sodium, the uranyl zinc acetate reagent is sometimes preferred to 
that employing uranyl magnesium acetate. The yellow crystal- 
line sodium zinc uranyl acetate NaZn(U02)3(C2H302)9,9H20 
is obtained. The reaction is fairly selective for sodium. 
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The sensitivity of the reaction is affected by copper, mercury, 
cadmium, aluminium, cobalt, nickel, manganese, zinc, calcium, 
strontium, barium and ammonium when present in concentra- 
tions exceeding 5 grams per litre; potassium and lithium salts 
are precipitated if their concentration in solution exceeds 5 
grams and 1 gram per litre respectively. 

t Place a drop of the neutral test solution on a black spot plate or 
upon a black watch glass, add 8 drops of the reagent, and stir with a 
glass rod. A yellow cloudiness or precipitate forms. 

Sensitivity: 12*5 p,g. Na. Concentration limit: 1 in 4,000. 

The reagent is prepared as follows. Dissolve 10 grams of uranyl 
acetate in 6 grams of 30 per cent acetic acid, warming if necessary, 
and dilute with water to 50 ml. (solution a). In a separate vessel 
stir 30 grams of zinc acetate with 3 grams of 30 per cent acetic acid 
and dilute with water to 50 ml, (solution 6 ). Mix the two solutions 
a and h, and add a small quantity of sodium chloride. Allow to 
stand for 24 hours, and filter from the precipitated sodium zinc 
uranyl acetate. 

Alternatively, a reagent of equivalent concentration may be pre- 
pared by dissolving uranyl zinc acetate in the appropriate volume 
of water or of N acetic acid. 

Dry Test 

Flame coloration.— The non-luminous Bunsen flame is 
coloured an intense yellow by vapours of sodium salts. The 
colour is not visible when viewed through two thicknesses of 
cobalt blue glass. Minute quantities of sodium salts give this 
test, and it is only when the colour is intense and persistent 
that appreciable quantities of sodium are present. 

Ill, 36. REACTIONS OF THE AMMONIUM ION, NH 4 + 

Use a solution of ammonium chloride, NH 4 CL 

1. Sodium Hydroxide Solution: ammonia gas is evolved 
on warming. This may be identified (a) by its odour (cautiously 
smell the vapour after removing the test-tube or small beaker 
from the flame) ; (b) by the formation of white fumes of ammo- 
nium chloride when a glass rod moistened with concentrated 
hydrochloric acid is held in the vapour; (c) by its turning 
moistened red litmus paper blue or turmeric paper brown; 
{d) by its ability to turn filter paper moistened with mercurous 
nitrate solution black (this is a very trustworthy test ^); and 

* Axsine, however, blackens mercurous nitrate paper, and must therefore 
be absent. 
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(e) filter paper moistened with a solution of manganous sulphate 
and hydrogen peroxide gives a brown colour, due to the 
oxidation of the manganese by the alkaline solution thus 
formed. 

NH4CI + NaOH = NH3 + H2O + NaCl 
Hg2(N03)2 + 2NH3 = Hg(NH2)NOs + Hg + NH4NO3 

^ *■ '■■^1 ■■ ' 

black 

2MnS04 + H2O2 + 4NH3 + 4H2O =2Mn(OH)3 + 2(^4)2804 

2. Nessler’s Reagent: brown precipitate, or brown or 
yellow coloration, is produced according to the amount of 
ammonia or of ammonium ions. The test is an extremely 
delicate one and will detect the traces of ammonia present in 
drinking water. All metals, except those of the alkalis, must 
be absent. 

The formula of the brown precipitate has been given as 
3HgO.Hg(NH3)2l2 (Britton and Wilson, 1933) and as 
NH2.Hg2l3 (Nichols and Willits, 1934). 

The reagent is prepared by dissolving 10 grams of potassium 
iodide in 10 ml. of ammonia-free water, adding saturated mercuric 
chloride solution (60 grams per litre) in small quantities at a time, 
with shaking, until a sMght permanent precipitate is formed, then 
adding 80 mi. of 9if potassium hydroxide solution and diluting to 
200 ml. Allow to stand overnight and decant the clear liquid. 
The reagent thus consists of an alkaline solution of potassium 
mercuri-iodide K2[Hgl4]. 

Nessler’s reagent has been described as a solution which is 
ca. 0*09Af in potassium mercuri-iodide and 2-^N in potassium 
hydroxide. 

An alternative method for the preparation of the reagent is as 
follows. Dissolve 23 grams of mercuric iodide aiid 16 grams of 
potassium iodide in ammonia-free water and make up the volume 
to 100 ml. ; add 100 ml. of sodium hydroxide. Allow to stand 
for 24 hours, and decant the solution from any precipitate that may 
have formed. The solution should be kept in the dark. 

f The spot- test tecimique is as follows. Mix a drop of the test solu- 
tion with a drop of concentrated sodium hydroxide solution on a watch 
glass. Transfer a micro-drop of the resulting solution or suspension to 
drop reaction paper and add a drop of Kessler’s reagent. A yellow or 
orange-red stain or ring is produced. 

Sensitivity: 0*3 /xg. KHg (in 0-002 ml.). 

A better procedure is to employ the technique described under the 
manganous nitratensilver nitrate reagent in reaction 9 below. A drop 
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of Messier’s solution is placed on the glass knob of the apparatus. After 
the reaction is complete, the drop of the reagent is touched with a piece 
of drop reaction or quantitative filter paper when a yellow coloration 
wiU be apparent. 

Sensitivity: 0-25 ;ag. NH 3 . 

3. Sodium Cobaltinitrite Solution (Na3[Co(N02)6]): yel- 
low precipitate of ammonium cobaltinitrite (NH4)3[Go(N02)6], 
similar to that produced by potassium ions. 

3NH4CI + Na3[Co(N02)6] = (NH4)3 [Co{N 02)6] -f- 3 NaCl 

4. Chloroplatinic Acid Solution (H2[PtCl0]): yellow, crys- 
talline precipitate of ammonium cbloroplatinate (NH4)2[PtCl8], 
similar to that of the corresponding potassium salt, but 
differing from it m being decomposed by warming with sodium 
hydroxide solution with the evolution of ammonia gas. 

2NH4CI -f HaEPtCy = (NH4)2[PtCl6] -f 2HC1 ; 

(NH4)2[PtCl6] -f 2NaOH = NazEPtCle] -f 2NH3 + 2H2O 

5 . Saturated Sodium Hydrogen Tartrate Solution 
(NaH.C4H406)*: white precipitate of ammonium acid tartrate 
NH4.H.C4H4O6, similar to but slightly more soluble than the 
corresponding potassium salt, from which it is distinguished 
by the evolution of ammonia gas on being heated with sodium 
hydroxide solution. 

NaH.C4H406 -1- NH4CI = NH4.H.C4H4O6 -1- NaCi 

6 . Perchloric Acid or Sodium Perchlorate Solution: no 
precipitate (distinction from potassium). 

7 . Tannic Add-Silver Nitrate Test. — ^The basis of this 
test is the reducing action of tannic acid (a glucoside of digallic 
acid) upon the silver ammine complex [Ag(NH3)2] to yield 
black silver: it therefore precipitates silver in the presence of 
ammonia but not from a slightly acid silver nitrate solution. 

Mix 2 drops of 5 per cent tannic acid (tannin) solution with 
2 drops of 20 per cent silver nitrate solution, and place the 
mixture upon drop-reaction paper or upon a little cotton wool. 
Hold the paper in the vapour produced by heating an ammo- 
nium salt with sodium hydroxide solution. A black stain is 
formed on the paper or upon the cotton wool. The test is a 
sensitive one. 


* Or, less effectively, t€u*taric acid solution. 
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para-Nitrobenzene-diazonlwm Chloride Reagent. — ^The re- 
agent (I) yields a red coloration {due to II) with an ammonium salt in 
the presence of sodium hydroxide solution. 



\ 


)^N,Cl+2NHs+H,0 


(I) 


O2N- 


-N = NOra4-f-NH4Cl 


(II) 

Place a drop of the neutral or slightly acid test solution on a spot plate, 
followed by a drop of the reagent and a fine granule of calcium oxide 
between the two drops. A red zone forms round the calcium oxide. 
A blank test should be carried out on a drop of water. 

Sensitivity: 0-7 ftg. Concentration limit: 1 in 75,000. 

The reagent (sometimes known as Riegler’s solution) is prepared as 
follows. Dissolve 1 gram of p-nitraniline in 2 mi. of concentrated hydro- 
chloric acid and 20 ml. of distilled water (warming may be necessary) 
and dilute with 160 ml. of water. Cool, add 20 ml. of 2-5 per cent 
sodium nitrite solution with vigorous shaking. Continue the shaking 
■until all dissolves. The reagent becomes turbid on keeping, but can 
be employed again after filtering. 

fP. Anamonia-Formation Test. — ^This is a modification of reaction 
1 as adapted to delicate analysis. The apparatus is shown in Fig. IJ, 
6, 12 and consists of a small glass tube of 1 ml. capacity, which can be 
closed with a small ground-glass stopper can?ying a small glass hook at 
the lower end. 

Place a drop of the test solution or a little of the solid in the micro 
test-tube, and add a drop of %N sodium hydroxide solution. Fix a 
small piece of red litmus paper on the glass hook and insert the stopper 
into position. Warm to 40 for 5 minutes. The paper assumes a 
blue colour. 

Sensitivity : 0*0 1 p-g-NSg. Concentration limit : I in 5,000,000. 
Cyanides should be absent, for they give ammonia with alkalis: 

KCN + 2H2O =- HOOOK 4* NH3 

If, however, a little mercuric oxide or a mercuric salt is added, the 
alkali-stable mercuric cyanide Hg(CN)2 is formed and the interfering 
effect of cyanides is largely eliminated, 

An alternative method for carrying out the test is to employ the 
manganous nitrate-silver nitrate' reagent. Upon treating a neutral 
solution of manganous and silver salfe with alkalis {e.g. that produced 
from ammonia), a black precipitate is formed: 

Mn + + + 2Ag+ 4 4:Om + 2Ag 4 

The sensitivity can be increased by treating the resultant precipitate 
with an acetic acid solution of benzidine whereupon the manganese 
dioxide oxidises the benzidine to a blue oxidation product. 

Use the apparatus shown in Fig. II, 5, 10 or in Fig. II, 5, 11. Place 
a drop of the test solution and a drop of 2N sodium hydroxide in the 
11 
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micro test-tube ; also place a drop of the reagent on the glass knob of 
the stopper and close the apparatus. Heat at 40^0 for 5 minutes. 
Wash the drop of the reagent on to a piece of quantitative filter paper 
when a black or grey fieck will become apparent ; this turns blue upon 
treatment with a solution of benzidine (the latter is prepared by dis- 
solving 0*05 gram of benzidine or its hydrochloride in 10 ml. of glacial 
acetic acid, <Sluting to 100 ml. with water, and filtering). 

Sensitivity: 0*005 /ig. NH 3, Concentration limit: 1 in 10,000,000. 

The manganous nitrate-silver nitrate reagent is prepared thus. 
Dissolve 2*87 grams of manganous nitrate in 40 ml. of water, and filter: 
add a solution of 3*55 grams of silver nitrate in 40 ml. of water, and 
dilute the mixture to 100 ml. Neutralise the acid formed by hydrolysis 
by adding dilute alkali dxopwise until a black precipitate is formed and 
filter. Keep the reagent in a dark bottle. 

Dry Test 

All ammonium salts are either volatilised or decomposed 
when heated to just below red heat- In some cases, where 
the acid is volatile, the vapours recombine on cooling to form 
a sublimate of the salt, e,g, ammonium chloride. 

BETECTION AND SEPARATION OF THE METALS OF THE ALKALI GROUP 

(group V) 

The metals of this group are not precipitated by the earlier group 
reagents. It is assumed that the elements of Groups I to IV have 
been removed as already described, or that only metals of Group V 
are present. The student should, as in previous groups, prepare for 
himself or obtain from the teacher, a solution containing some or all 
of the simple salts of the metals of the group. The filtrate from 
Group IV, if employed, should be evaporated to dryness and all 
ammonium salts eliminated. This is most conveniently carried out 
by concentrating the solution in an evaporating dish (FUME 
CUPBOARD!) until salts begin to crystallise out, allowing to cool, 
then adding a little concentrated nitric acid by means of a dropper 
pipette in such a manner as to wash down the solid from the sides 
to the centre of the dish, then heating cautiously until dry and 
finally more strongly until fuming ceases. The cold residue may 
then be divided into two portions rone is used in testing for Mg with 
the “oxine’' reagent, and the other in testing for Na and K and also 
for the confirmatory test for Mg. 

The sodium phosphate test for Mg (see Section III, 33, reaction 5) 
is not altogether satisfactory, particularly in dilute solutions when 
precipitation is comparatively slow, and also the magnesium ammo- 
nium phosphate has a tendency to form supersaturated solutions; 
traces of alkaline earth metals tend to interfere with the test. 



323 


37] Reactions of the Metal Ions or Cations 

III, 37. Table VIL Analysis of the Alkali Group (Group V) 

Treat the ^ residue from Group IV with 3-4 ml. of water, stir and 
warm for 1 minute. Filter,* 


Residue. Dissolve in a few drops 
of dilute HCl and add 2-3 ml. of 
water. Divide the solution into 
two unequal parts. 

{{) Larger portion (1). Treat 1 ml. 
of 2% oxine solution in 21^ acetic 
acid with 4 ml. of ammonia 
solution and, if necessary, warm to 
dissolve any precipitated oxine. 
Add a little NH^Cl solution to the 
test solution, followed by the ammo- 
niacal oxine reagent, and heat to the 
boiling point for 1-2 minutes (the 
odour of NHg should be discernible). 

Pale yello w ppt. of Mg “oxinate. ” 
Mg present. 

(ii) Smaller portion. To 3-4 drops 
add 2 drops of “ magneson reagent, 
followed by several drops of NaOH 
solution until alkaline. 

A blue ppt. confirms Mg. 


Filtrate. Divide the filtrate into 
two parts (a) and (6). 

(а) Add a little uranyl magnesium 
acetate reagent, shake and allow to 
stand for a few minutes. 

Yellow crystalline ppt. 

Na present. 

Confirm by flame test: persistent 
yellow flame. 

(б) Add a little sodium cobalti- 
nitrite solution and a few drops of 
dilute acetic acid, preferably on a 
watch glass. 

Yellow ppt. of K3[Co(NOa)6l. 

K present. 

Confirm by flame test and view 
through two thicknesses of cobalt 
glass (2): red coloration (usually 
transient). 


Test for ammonium by boiling the original substance with sodium 
hydroxide solution: odour of ammonia, and vapour turns red litmus paper 
blue and also merciirous nitrate paper black. Ammonium present. 


Notes. (1) If it is desired to carry out the Na^HPO* test for comparison 
with the “oxine” test for Mg, treat the acid solution with a little ]SrH4Cl, 
followed by dilute NHa solution until basic, and Na2HP04 solution. Shake 
or stir vigorously. A white crystalline ppt. of Mg(NH4)P04,6H20 indicates 
Mg. Confirm by dissolving the ppt. in a little dilute HCl and then applying 
the “magneson” test. A blue ppt. confirms Mg. 

(2) It is advisable to test the cobalt glass with a potassium salt to be 
certain that the glass is satisfactory: some samples of cobalt glass completely 
absorb the red lines due to potassium. 

* If the residue dissolves completely (or almost completely) in water, dilute 
the resulting solution (after filtration, if necessary) to about 6 ml. and divide it 
into three approximately equal parts : — (i) Use the major portion to test for Mg 
with the prepared “oxine ” solution : confirm Mg by applying the “magneson ” 
test to 3-4 drops of the solution; (ii) and (iii) Test for Na and K respectively, 
as described in the Table. 
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III, 37. Table SMVII. Analysis of the Alkali Group 

(Group V) 


Treat the dry residue (contained in a small crucible) from Group IV 
with 1 ml. of water, stir for 1 minute, and transfer with the aid of a further 
0*5 ml. of water to a semimxcro centrifuge tube. Centrifuge.’*' 


Residue. Dissolve in a few drops Centrifugate. Divide into two 
of dilute HGl, and add 1 ml. of parts (a) and (6), 
water. Divide into two imequal (a) Add 5-10 drops of uranyl 
parts ; retain the smaller portion in magnesium acetate reagent, shake 
the centrifuge tube. or stir, and allow to stand for 5 

(i) Larger portion (1). Treat 0*25 minutes. 

ml. of 2% oxine solution in 2N Yellow crystalline ppt. 
acetic acid with 1 ml. of 2-5JV' Na present, 

ammonia solution. Add a little Confirm by fiame test : persistent 
ISTH^Cl to the test solution followed yellow flame, 
by the ammoniacal oxine reagent, (6) Add 3 drops of sodium 
and heat in a water bath for 1“2 cobaltinitrite reagent (or 5 mg. of 
minutes (the odour of NH3 should the A.R. solid) and 2 drops of dilute 
be apparent). acetic acid, warm gently on water 

Pale yellow ppt. of Mg* ‘oxinate.” bath, and allow to stand for 3 

Mg present. minutes. 

(ii) Srrialler portion. To 3-4 drops Yellow ppt. of Kg[Co(N02)g]. 

add 2 drops of ‘ ‘ magneson ’’ reagent, K present. 

followed by several drops of NaOH Confirm by flame test and view 
solution until alkaline. through two thicknesses of cobalt 

A blue ppt. confirms Mg. glass (2): red (crimson) flame 

(usually transient). 


Test for ammonium by placing 10 mg, of the original substance with 
about 0*5 ml. of sodium hydroxide solution in a semimicro test-tube 
(without rim) and attach a “filter tube*’ (Fig. JJ, 3, 19). Place a piece 
of red litmus paper or mercurous nitrate paper in the funnel. Warm on 
a water bath. Odour of ammonia: red litmus paper turns blue; mer- 
curous nitrate paper turns black. Ammonium present. 


Notes. (1) If it is desired to carry out the Na^HPOi test for comparison 
with the “oxine” test for Mg, treat the acid solution with a little NH4Ci, 
followed by dilute NH3 solution until alkaline, and 6-6 drops of HagHPO.! 
solution. Shake or stir the mixture and allow to staixd for 3-5 minutes. 
A white crystalline ppt. of Mg(NH4)P04,6H20 indicates Mg. Centrifuge and 
wash the ppt. with 0*3 ml. of water: discard the washings. Dissolve the 
ppt. in 6 drops of dilute HCl, warming if necessary. Add 1 drop of the 
“magneson” reagent, and then HaOH solution until alkaline. A blue ppt. 
confirms Mg. 

(2) See ilf Cite 2 in macro Table VII. 

* If the residue dissolves completely (or almost completely) in water, dilute 
the resulting solution (after centrifugation, if necessary) to about 1*5 ml. and 
divide it into three approximately equal parts: — (i) Use the major portion to 
test for Mg with the prepared “oxine” solution; confirm Mg by applying the 
“magneson” test to 3-4 drops of the solution; (ii) and (iii) Test for Na and 
K respectively, as described in the Table. 




CHAPTER IV 


REACTIONS OF THE ACID RADICALS OR ANIONS 

IV, L Scheme of Classification, — ^The methods available 
for the detection of acid radicals or anions are not as systematic 
as those which have been described in the previous chapter for 
cations. No really satisfactory scheme has yet been proposed 
which permits of the separation of the common acid radicals 
into major groups, and the subsequent unequivocal separation 
of each group into its independent constituents. It must, 
however, be mentioned that it is possible to separate the 
anions into major groups dependent upon the solubilities of 
the silver salts, of the calcium or barium salts, and of the zinc 
salts; these, however, can only be regarded as useful in giving 
an indication of the limitations of the method and for the 
confirmation of the results obtained by the simpler procedures 
to be described below. For this reason their discussion is 
deferred until Section VII, 16 in connexion with the complete 
systematic detection of acid radicals. 

The following scheme of classification has been found to work 
well in practice ; it is not a rigid one since some of the acid 
radicals belong to more than one of the subdivisions, and, 
furthermore, it has no theoretical basis. Essentially the pro- 
cesses employed may be divided into (A) those involving the 
identification by volatile products obtained on treatment with 
acids, and {B) those dependent upon reactions in solution. 
Class (A) is subdivided into (i) gases evolved with dilute hydro- 
chloric acid or dilute sulphuric acid, and (ii) gases or vapours 
evolved with concentrated sulphuric acid. Class (B) is sub- 
divided into (i) precipitation reactions, and (ii) oxidation and 
reduction in solution. 

This leads to the following classification. 

CLASS A 

(i) Oases evolved with dilute hydrochloric acid or dilute sul- 
phuric acid. 

Carbonate, bicarbonate, sulphite, thiosulphate, sulphide, 
nitrite, hypochlorite, cyanide and cyanate. 

(ii) Oases or acid vapours evolved with concentrated sulphuric 
acid. 

zm 
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These include those of (i) with the addition of the folio wing: 
fluoride, silicofluoride,* chloride, bromide, iodide, nitrate, 
chlorate (DANGER), perchlorate, permanganate (DANGER), 
bronaate, borate,* ferrocyanide, ferricyanide, thiocyanate, 
formate, acetate, oxalate, tartrate and citrate. 

GLASS B 

(i) Precipitation reactions. 

Sulphate, persulphate, f phosphate, phosphite, hypophosphite, 
arsenate, arsenite, chromate, dichromate, silicate, silicofluoride, 
salicylate, benzoate and succinate. 

(ii) Oxidation and reduction in solution. 

Manganate, permanganate, chromate and dichromate. 

The reactions of all these acid radicals or anions will be 
systematically studied in the following pages. For con- 
venience the reactions of certain organic acids are grouped 
together; these include acetates, formates, oxalates, tartrates, 
citrates, salicylates, benzoates and succinates. It may be 
pointed out that acetates, formates, salicylates, benzoates and 
succinates all belong to another group ; all give a characteristic 
coloration or precipitate upon the addition of ferric chloride 
solution to a practically neutral solution. 

IV, 2. REACTIONS OF CARBONATES, COf^ 

Solubility . — ^All normal carbonates, with the exception of those of the alkali 
metals and of ammonium, are insoluble in water. The acid carbonates or 
bicarbonates of calcium, strontium, barium, magnesium and possibly of iron 
exist in aqueous solution; they are formed by the action of excess of carbonic 
acid upon the normal carbonates either in aqueous solution or suspension and 
are decomposed on boiling the solutions. 

CaCOj + H,0 -f CO 2 ^ Ca(HC 03)2 

The biearbonates of the alkali metals are soluble in water, but are less soluble 
than the corresponding normal carbonates. 

Use sodium carbonate, NaaCOs.lOHgO. 

1. Dilute Hydrochloric AcidJ; decomposition with effer- 
vescence, due to the evolution of carbon dioxide, which may 
be detected by its property of rendering lime water (or 
bar^a water) turbid. Some natural carbonates, such as mag- 
nesite MgCOs, siderite FeCOs dolomite ( 0 a,Mg)C 03 , do not 

* Th^ is often included in Class B (i). 

t Strictly speaking persulphates should be grouped with Class B (ii), but 
are best studied together with sulphates, 

i Or any other dilute mineral acid. 
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react appreciably in the cold; they must be finely powdered 
and the reaction mixture warmed. 

The lime water or baryta water test is best carried out in the 
apparatus shown in Fig. IF, 2, L The solid substance is placed in 
the test-tube or small distilling flask (10-25 ml. capacity)/ dilute 
hydrochloric acid added and the cork immediately replaced. The 
gas which is evolved (warming may be necessary) is passed into 
lime water or baryta water contained in the test-tube; the produc- 
tion of a turbidity indicates the presence of a carbonate. It must 
be remembered that with prolonged passage of carbon dioxide, the 
turbidity slowly disappears as a result of the formation of a soluble 
bicarbonate. Any acid which is ‘‘stronger,’" ie, has a higher 



Fig. JF, 2, L 


ionisation constant, than carbonic acid (Ki) will displace it from 
its salts, especially on warming. The weak hydrocyanic acid, boric 
acid and hydrogen sulphide do not decompose carbonates. 

MagOOs + 2HC1 21SraOI + HgO -f- CO®; 

Ca(OH )2 + COa = CaCOg + HgO 
CaCOg + COg + HgO == CaCHCOgla 

2. Barium Chloride or Calcium Chloride Solution: 
white precipitate of barium carbonate BaCOs or calcium car- 
bonate CaCOg with solutions of normal carbonates. The pre- 
cipitate is soluble in mineral acids and in carbonic acid. 

BaCla + NagCOs = BaCOa + 2NaCl 

3. Silver Nitrate Solution: white precipitate of silver 
carbonate Ag 2 C 03 with solutions of normal carbonates, soluble 
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in ammoBia solution and in nitric acid. The precipitate be^ 
comes yellow upon addition of excess of the reagent, and is 
partly decomposed on boiling with water into brown silver 
oxide Ag20 and carbon dioxide. 

fi. Sodium Garbonate-Pbenolplithalein Test*— This test depends 
upon the fact that phenolphthalein is turned pink by soluble carbonates 
and colourless by soluble bicarbonates. Hence if the carbon dioxide 
liberated by dilute acids from carbonates is allowed to come into contact 
with phenolphthalein solution coloured pink by sodium carbonate 
solution, it may be identified by the decolourisation which takes place; 

. ' CO 2 4* HaaCOg + H/) SNaHCOs ■ 

The cdncentration of the sodium carbonate solution must be such as 
not to be decolourised under the conditions of the experiment by the 
carbon dioxide in the atmosphere. 

Place 1~2 drops of the test solution (or a small quantity of the test 
solid) in the apparatus shown In Fig. II, 10, and place a drop of the 
sodium carbonate-phenolphthalein reagent on the knob of the stopper. 
Add 3-4 drops of 2N sulphuric acid and insert the stopper into position. 
The drop is decolourised either immediately or after a short time 
according to the quantity of carbon dioxide formed. Perform a blank 
test in a similar apparatiis. 

Sensitivity: ipg. COa (in 2 drops of solution). Goncentration limit: 
1 in 12,500. 

The reagent is prepared by mixing 1 ml. of 0*1N sodium carbonate 
with 2 ml. of a 0*5 per cent solution of phenolphthalein and 10 ml. of 
water.'' , ■ 

Sulphides, sulphites, thiosulphates, cyanides, cyanates, fluorides, 
nitrites and acetates interfere. The sulphur-containing anions can be 
quantitatively oxidised to sulphates by hydrogen peroxide: 

Na^S + 4H2O2 = + 4H2O 

Na^SOs + HaOg = Ha^SOi + H,0 

NajjSgOa + == Fa^SO* + H^SO^ + 

The modified procedure in the presence of these anions is therefore to 
stir a drop of the test solution with 2 drops of “ 20-40 volume'’ hydrogen 
peroxide, then to add 2 drops of 2N sulphuric acid, and to continue as 
above. Cyanides are rendered innocuous by treating the test solution 
with 4 drops of a saturated solution of mercuric chloride, followed by 2 
drops of sulphuric acid, etc. ; the slightly dissociated mercuric cyanide 
is formed. Nitrites can be removed by treatment with aniline hydro- 
chloride. 

IV, 3 . Tests for bicarbonates.^ — The following tests dis- 
tinguish carbonates from bicarbonates. 

(i) To a cold solution of a bicarbonate, e.g. sodium bi- 
carbonate NaHC03, ^ solution of magnesium sulphate. 
No precipitate is formed in the cold since magnesium bi- 
carbonate Mg(HC03)2 is soluble in water. Boil the solution: 
a white precipitate of magnesium carbonate MgC03, which 
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may be contaminated with some of the basic carbonate, is 
produced. Solutions of carbonates give a white precipitate of 
magnesium carbonate with magnesium sulphate solution in 
the cold. 

2 NaHC 03 + 'MgS 04 == MgCHCOa)^ + Na 2 S 04 
Mg(HC03)2 ^MgCOs + CO 2 + H 2 O 
MgS04 + K2CO3 = MgCOa + K2SO4 

(ii) Boil a solution of a bicarbonate. Carbon dioxide is 
evolved which may be identified by the lime water test. 

(iii) Add mercuric chloride solution to a solution of a bi- 
carbonate. No precipitate is formed. Normal carbonates 
yield a reddish-brown precipitate of basic carbonate 
Hg^Oa.COa in the cold. 

4Na2C03 +■ fflgCls = Hg403.C03 + SNaCl + BCOg 

(iv) Heat some solid sodium bicarbonate in a dry test-tube; 
carbon dioxide is evolved. The residue evolves carbon dioxide 
upon treatment with dilute mineral acid. 

2 NaHC 03 == NagCOs + H^O + CO^ 

(v) To test for bicarbonate in the presence of a carbonate, 
use is made of the fact that calcium bicarbonate Ca(HC03)2 is soluble 
in water and is converted into calcium carbonate CaCOs by the 
addition of ammonia solution. Add excess of calcium chloride 
solution; this will precipitate all the carbonate and part of the bi- 
carbonate as CaCOs. After a few minutes, filter rapidly and treat 
the clear filtrate with a little ammonia solution. A white precipitate 
or cloudiness is obtained if a bicarbonate is present. 

IV, 4. REACTIONS OF SULPHITES, SOg^ 

Solubility. — -Only the sulphites of the alkali metals and of ammonium are 
soluble in water j the sulphites of the other metals are either difficultly soluble 
or insoluble in water. The bisulphites of the alkali metals are soluble in water ; 
the bisulphites of the alkaline earth metals are known only in solution. 

Use sodium sulphite, Na2S03,7H20.* 

i. Dilute Hydrochloric or Dilute Sulphuric Acid: the 
solid salt is decomposed, more rapidly on warming, with the 
evolution of sulphur dioxide, which may be identified (i) by 
its suffocating odour of burning sulphur, (ii) by the green 
coloration produced when filter paper moistened with acidified 
potassium diohromate solution is held over the mouth of the 
test-tube, and (iii) by the blue colour produced when filter 

* Unless otherwise indicated, in this and all subsequent Sections concerned 
with anions, the aqueous solutions should be employed. 

11 * 
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paper moistened with potassium iodate solution and starch 
solution is held in the vapour. 

NagSOa + 2HC1 = 2NaCl + SO2 + HgO 

I^2Cr207+ 3H2SO3 + H2SO4 = K2SO4 Cr2(S04)3 + 4H2O 
2KIO3 + 6SO2 + 4H2O - I2 + 2KHSO4 + 3H2SO4 

2. Barium Chloride or Strontium Chloride Solution: 

white precipitate of the sulphite BaSOj or SrSOg, readily 
soluble in dilute hydrochloric acid. On standing, the precipi- 
tate is slowly oxidised to the sulphate and is then insoluble in 
dilute mineral acids; this change is rapidly effected by warming 
with bromine water or a little concentrated nitric acid or with 
hydrogen peroxide. The solubilities at 18° of the sulphites of 
calcium, strontium and barium are respectively 1-26 grams, 
0-033 gram and 0-022 gram per litre. 

NaaSOs -f BaCla = BaSOs -f 2Naa 

S. Silver Nitrate Solution: white crystalline precipitate 
of silver sulphite Ag2S03, soluble in excess of the sulphite 
solution forming the complex salt, sodium argenti-sulphite 
Na[AgS03]. The precipitate is also soluble in ammonia solu- 
tion and in dilute nitric acid. On boiling a solution of the 
complex salt or an aqueous suspension of the precipitate, grey 
metallic silver is precipitated. 

ITa2S03 “h 2AgN03 “ 2NaN03 -f- Ag2S03; 

AggSOs + Na 2 S 03 = 2Na[AgSOs]; 

2Na|^AgS03l == Na2S04 -f- SO2 -f* 2Ag 

4. Potassium Permanganate Solution*: decolourised 
owing to the formation of solutions of potassium and man- 
ganous sulphates. 

2KMn04 + SHaSOg = K2SO4 + 2MnS04 ■+■ 2H2SO4 ■+■ SHgO 

5. Potassium Bichromate Solution*: a green solution 
containing a chromic salt is produced. (Equation under re- 
action i.) 

6. Lead Acetate Solution: white precipitate of lead 
sulphite PbSOs, readily soluble in cold dilute nitric acid, and 
precipitating white lead sulphate on boiling (distinction from 
thiosulphate). 

Pb(C2Hs02)2 -h NajSOs = PbSOs + 2Na.C2H302 
PbS03 -f 0 = PbSOi 
* Aicidified with dilute suiphurio acid. 
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7. Iodine Solution: decolourised. 

H2SO3 + 12 + H2O ^ 2 HI + H2SO4 

8. Nascent Hydrogen. — ^Add the solution of the sulphite 
to a test-tube containing zinc and dilute sulphuric acid; 
hydrogen sulphide is evolved which may be detected by 
holding some lead acetate paper at the mouth of the test-tube 
(see Section IV, 6, reaction 1). 

H2SO3 -f- 6H = H2S + 3H2O 

9. Lime Water. — ^This test is carried out by adding dilute 
hydrochloric acid to the solid sulphite, and bubbling the 
evolved sulphur dioxide through lime water (Fig. IV, 2, 1); a 
white precipitate of calcium sulphite CaSOs is formed. The 
precipitate dissolves on prolonged passage of the gas, due to 
the formation of the soluble calcium bisulphite Ca(HS03)2. 
A turbidity is also produced by carbonates; the sulphur di- 
oxide must therefore be first removed when testing for the 
latter. This may be effected by adding potassium dichromate 
solution to the test-tube before acidifying. The dichromate 
oxidises and destroys the sulphur dioxide without affecting the 
carbon dioxide (compare Section IV, 2 ). 

Ca(OH)2 -f SO2 = CaSOs + HjO 
CaSOg -1- SO2 -f- H2O Vi Ca(HS08)2 

Fuchsin Test. — Dilute solutions of tripbenylmethane dyestuffs, 
such as fuchsin (for formula, see Section IV, 15, reaction 9) and mala- 
chite green, are immediately decolourised by neutral sulphites. Sulphur 
dioxide also decolourises fuchsin solution, but the reaction is not quite 
complete: nevertheless it is a very useful test for sulphurous acid and 
acid sulphites; carbon dioxide does not interfere, but nitrogen dioxide 
does. If the test solution is acid, it should preferably be just neutralised 
with sodium bicarbonate. Thiosulphates do not interfere but sulphides, 
polysuiphides and free alkali do. Zinc, lead and cadmium salts reduce 
the sensitivity of the test, hence the interference of sulphides cannot be 
obviated by the addition of these salts. 

Place 1 drop of the fuclisin reagent on a spot plate and add 1 drop of 
the neutral test solution. The reagent is decolourised. 

Sensitivity: I /xg. BOg. Concentration limit; 1 in 60,000. 

The fuchsin reagent is prepared by dissolving 0*015 gram of fuchsin 
in 100 mi. of water. 

fii. Nickelous Hydroxide Test.— -The auto-oxidation of sulphur 
dioxide (or sulphuroxis acid) induces the oxidation of green nickelous 
hydroxide to the black nickelic hydroxide. The colour change is quite 
distinct, but for very small amounts of sulphur dioxide use may be made 
of the conversion of benzidine acetate to benzidine blue” by the higher 
nickel oxide. Thiosulphates give a similar reaction and must therefore 
be absent: sulphides also interfere. 
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Place a drop of the test solution (or a little of tlie test solid) in the 
tube of the apparatus shown in Fig. II y 6, 10, and place a little washed 
nickelous hydroxide on the glass knob under the stopper. Add 1-2 
drops of hydrochlorie acid, close the apparatus and warm gently. 
The green hydroxide turns grey to black according to the amount of 
sulphite present. For small amounts of sulphites, transfer the nickel 
hydroxide to a quantitative filter paper and treat with a drop of the 
benzidine reagent: a blue colour is formed. 

An alternative technique is to warm (water bath) the test solution in 
a semimiero test-tube with a little dilute hydrochloric acid, and expose 
the evolved gas to filter paper upon which a stain of nickelous hydroxide 
has been made. The stain acquires a black colour. 

Sensitivity: 0*4 jag. SO 2 . Concentration limit: 1 in 125,000. 

The nickelous hydroxide is prepared by precipitating nickelous 
chloride solution with sodium hydroxide solution and washing 
thoroughly xmtil free from alkali. It should be freshly prepared. 

The benzidine reagent is prepared by dissolving 0»05 gram of 
benzidine or of its hydrochloride in 10 ml. of glacial acetic acid, diluting 
to 100 ml. with water and filtering. 

If 12. Sodium Nitroprusside-Ziuc Sulphate Test.— Sodium nitro- 
prusside solution reacts with a solution of a zinc salt to yield a salmon- 
coloured precipitate of zinc nitroprusside Z!n[Fe(CN) 5 NO]. The latter 
reacts with moist sulphur dioxide to give a red compoimd of unknown 
composition; the test is rendered more sensitive when the reaction 
product is held over ammonia vapour which decolourises the unused 
zinc nitroprusside. 

Place a drop of the test solution (or a grain of the solid test sample) 
in the tube of Fig. JI, 5, 10 and coat the knob of the glass stopper with 
a thin layer of the zinc nitroprusside paste. Add a drop of 2N hydro- 
chloric or sulphirric acid and close the apparatus. After the sulphur 
dioxide has been evolved, hold the stopper for a short time in ammonia 
vapoxir. The paste is coloured more or less deep red. 

Sensitivity: 3*5 jxg. SO 2 ^ Concentration limit: 1 in 14,000. 

The zinc nitroprusside paste is prepared by precipitating sodium 
nitroprusside solution with an excess of zinc sulphate solution and 
boiling for a few minutes: the precipitate is filtered and washed, and 
kept in a dark glass bottle or tube. 

The test is not applicable in the presence of sulphides and/or thio- 
sulphates. These can be removed by the addition of mercuric chloride, 
which reacts forming the acid-stable mercuric sulphide: 

Hg + + + 8“'-“ HgS; 

+ + H 2 O HgS + SOr"" + 2H + 

Place a drop of the test solution and 2 drops of satmated mercuric 
chloride solution in the same apparatus (Fig. II, 6, 10) and, after a 
minute, acidify with 2N hydrochloric or sulphuric acid, and proceed 
as above. 

20 fig. of ISTagSOs can be detected in the presence of 900 ug. of Na^SgO^ 
and 1,600 jag. of Na^S. 
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IV, 5. REACTIONS OF THIOSULPHATES, 

Solubility, --Most of the thiosulphates that have been prepared are soluble 
in water; those of lead, silver and barium are very sparingly soluble. Many 
of them dissolve in an excess of sodium thiosulphate solution forming complex 
salts. 

; 1 . Dilute Hydrochloric Acid: no immediate change in the 
cold with a solntion of a thiosulphate; the acidified liquid soon 
becomes turbid owing to the separation of sulphur, and sul- 
phurous acid is present in solution. On warming the solution, 
sulphur dioxide is evolved which is recognised by its odour 
and its action upon filter paper moistened with acidified potas- 
sium dichromate solution. The unstable thiosulphuric acid is 
first formed; this soon decomposes largely into sulphurous acid 
and sulphur. The sulphur first forms a colloidal solution, 
which is gradually coagulated by the free acid present. Side 
reactions also occur giving rise to thionic acids. 

Na2S203 + 2 HCi = H2S2O3 2 NaCl; 

H2S2O3 - H2SO3 + S 

Na2S203 + 2 HC 1 = SOg + HgO + S + 2 NaCl 

2 , Iodine Solution: decolourised; a colourless solution of 
sodium tetrathionate Na2S40e is formed. 

2Na2S203 + I2 = NagS^Oe -f 2 NaI 

3 , Barium Chloride Solution : white precipitate of barium 
thiosulphate BaS203 from moderately concentrated solutions. 
Precipitation is accelerated by agitation and by rubbing the 
sides of the vessel with a glass rod. The solubility is 0*5 gram 
per litre at 18 ^. No precipitate is obtained with calcium 
chloride solution since calcium thiosulphate is fairly soluble 
in water. 

-f- BaOlg ~ BaS203 -f- 2 NaCI 

4 , Silver Nitrate Solution: white precipitate of silver 
thiosulphate AggSgOs, readily soluble in excess of the thio- 
sulphate solution forming the complex salt Na3[Ag(S203)2]. 
The precipitate is unstable, decomposing on standing and 
rapidly on warming; the colour changes through yellow and 
brown to black silver sulphide AggS. 

NagSgOg -j- 2AgN03 == AggSgOg -f- 2NaN03; 

^§2^203 + HgO — AggS + H2SO4; 

AgaSgOs + SNagSgOs - 2 Na 3 [Ag(S 203 )g] 
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Lead Acetate Solution: white precipitate of lead thio- 
sulphate PbS203, soluble in. excess of the precipitant; on 
boiling the suspension, a black precipitate containing lead 
sulphide EbS is obtained (distinction from sulphite). 

PbSaOs + H2O = PbS + H2SO4 

6. Potassium Cyanide Solution. — thiocyanate is pro- 
duced when a solution of a thiosulphate is boiled with solutions 
of potassium cyanide and sodium hydroxide. On acidifying 
with dilute hydrochloric acid and adding ferric chloride solu- 
tion, the characteristic blood-red colour of the complex ferri- 
thiocyanate ion [Fe(SCN)]-^+ is obtained (distinction from 
sulphite). 

Na^SgOs + KCN = KSCN + ^2803 

7 . “Blue Ring” Test. — ^When a solution of a thiosulphate 
mixed with ammonium molybdate solution is poured dowly 
down the side of a test-tube containing concentrated sulphuric 
acid, a blue ring is formed at the contact zone. 

8 . Ferric Chloride Solution: dark violet coloration 
(perhaps due to sodium ferri-thiosulphate, Na[Fe(S203)2]) 
which disappears after a short time leaving an almost colour- 
less solution. 

2Na2S203 + 2FeCl3 = Na2S406 + 2Fea2 + 2 NaCl 

9. Nickel Ethylenediamine Nitrate Reagent 
[Ni(NH2.CH2.CH2.NH2)3](N03)2, abbreviated to [Ni en3](N03)2.-- 

When a neutral or slightly alkaline solution of a thiosulphate 
is treated with the reagent, a crystalline violet precipitate of 
the complex thiosulphate is obtained: 

[Ni en 8 ](N 03)2 + Na 2 S 203 =* [Ni en 3 ]S 203 + 2 NaN 03 

Sulphites, sulphates, tetrathionates and thiocyanates do not 
interfere, but hydrogen sulphide and ammonium sulphide de- 
compose the reagent with the precipitation of nickel sulphide. 

The nickel ethylenediamine nitrate reagent is conveniently 
prepared when required by treating a little nickel nitrate solution 
with ethylenediamiae until a violet colour (due to the formation of 
the complex [Ni ens]^"^ ion) appears. 

The concentration limit is 1 in 25 , 000 . 

By obvious modification the reaction may be used for the detection of nickel ; 
it is applicable in the presence of copper, cobalt, iron and chromium. 

fi^. Catalysis of Iodine* Azide Reaction Test. — Solutions of 
sodium azide NaN^ and of iodine (as KIg) do not react, but on the 
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addition of a trace of thiosulphate, which acts as a catalyst, there is 
an immediate vigorous evolution of nitrogen: 

■ ; 2 NaN 3 + == 2NaI -h SNg 

Sulphides and thiocyanates act similarly and must therefore be absent. 

' :Mix a drop of the test solution and a drop of thO' iodine-azide reagent 
on a ^ watch glass. A vigorous evolution of bubbles (nitrogen) ensues. 

Sensitivity: 0*15 /xg. NagS^Og. Concentration limit: 1 in 330,000. 

The sodium azide-iodine reagent consists of a solution of 3 grams 
of sodium azide in 100 ml. of OdiV iodine. 


IV, 6. REACTIONS OF SULPHIDES, S"'^’ 

Solubility. --ThB acid, normal and poly -sulphides of the alkali metals are 
soluble in water; their aqueous solutions react alkaline because of hydrolysis. 
The normal sulphides of most other metals are insoluhie; those of the alkaline 
earths are difficultly soluble, but are gradually changed by contact with water 
into soluble hydrosulphides. The sulphides of aluminium, chromium and 
magnesium are completely hydrolysed by water, and can be prepared only by 
dry methods. The characjteristic colours and solubilities of many metallic 
sulphides have already been discussed in ooimexion with the reactions of the 
cations in Chapter III. The sulphides of iron, manganese, zinc and the alkali 
metals are decomposed by dilute hydrochloric acid with the evolution of 
hydrogen sulphide; those of lead, cadmium, nickel, cobalt, antimony and 
stannic tin require concentrated fiydrochloric acid for decomposition ; others, 
such as mercuric sulphide, are insoluble in concentrated hydrochloric acid, 
but dissolve in aqua regia with the separation of sulphur. The presence of 
sulphide in insoluble sulphides may be detected by reduction with nascent 
hydrogen (derived from zinc or tin and hydrochloric acid) to the metal and 
hydrogen sulphide, the latter b«)ing identified with lead acetate paper (see 
reaction 1 below). An alternative method is to fuse the sulphide with an- 
hydrous sodium carbonate, extract the mass with water and to treat the filtered 
solution with freshly prepared sodium nitroprusside solution, when a purple 
colour ^vill be obtained ; the sodium carbonate solution may also be treated 
with lead nitrate solution when black lead sulphide is precipitated. 

HagS “f HaO V* HaHS -f KaOH; 

HaHS +, -fHaOH; ■ 

2CaS 4- SHgO Ca(SH )2 + Ca^OH)^; 

Al^Sg -f 6HaO »» 2A1(0H)3 -4 SHgS ' 

Use sodium sttlpMde, Na^S,9H20;'- , 

i. Dilute Hydrochloric Acid^*^: hydrogen sulphide gas is 
evolved, which may be identified by its characteristic odour 
and by the blackening of filter paper moistened with lead 
acetate solution; alternatively, filter paper moistened with 
cadmium acetate solution is turned yellow (CdS). A more 
sensitive test is attained by the use of sodium plumbite solu- 
tion. prepared by adding sodium hydroxide solution to lead 

♦ Or dilute sulphuric acid. 
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acetate solution until the initial precipitate of lead hydroxide 
has just dissolved. 

NagS + 2HC1 = HaS + 2NaCl; 

Pb(ONa)2 + H2S = PbS + 2NaOH 

Hydrogen sulphide, like stilphur dioxide, is a good reducing 
agent; it reduces (1) acidified potassium permanganate solu- 
tion, (ii) acidified potassium dichromate solution and (iii) iodine 
solution. 

2KM11O4 -+- 6H2S -f 6HC1 = 2KC1 -f 2MnCl2 -f SHgO + 5S ; 

K2Cr207 -I- 3H2S -f 8H01 = 2KC1 + 2CrCl3 -f 7H2O -f 3S; 

H2S -f I2 2HI ■+• S 

Small quantities of chlorine may be produced in (i) and (ii) 
if the hydrochloric acid is other than very dilute ; this is 
avoided by using dilute sulphuric acid. 

2. Silver Nitrate Solution: black precipitate of silver 
sxdphide Ag2S, insoluble in cold, but soluble in hot dilute 
nitric acid. 

Na2S -t- 2AgNOs = Ag^S -f 2NaN03 

3. Lead Acetate Solution: black precipitate of lead 
sulphide PbS (see under Lead, Section III, 2, reaction 5). 

4. Barium Chloride Solution: no precipitate. 

5. Silver. — ^When a solution of a sulphide is brought into 
contact with a bright silver coin, a brown to black stain of 
silver sulphide is produced. The result is obtained more 
expeditiously by the addition of a few drops of dilute hydro- 
chloric acid. The stain may be removed by rubbing the coin 
with moist lime. 

6 . Sodium Nitroprusside Solution (Na 2 [Fe(CN) 5 NO]) : 
transient purple colour in the presence of solutions of alkalis. 
No reaction occurs with solutions of hydrogen sulphide or with 
the free gas : if, however, filter paper is moistened with a solu- 
tion of the reagent made alkaline with sodium hydroxide or 
ammonia solution, a purple coloration is produced with free 
hydrogen sulphide. 

NagS -f Na2[Fe(CN)6NO] = Na4[Pe(CN)5NOS3 

The reagent must be freshly prepared by dissolving a crystal 
(about the size of a pea) of pure sodium nitroprusside in a little 
distilled water. 
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f The spot-test techBique is as follows. Mix on a spot plate a drop 
of the alkaline test solution with a drop of a 1 per cent solution of 
sodium nitroprusside. A violet colour appears. Alternatively, filter 
paper impregnated with an ammoniacal (5 per cent) solution of sodium 
nitroprusside may be employed. 

Sensitivity: 1 jug. NagS. Concentration limit: 1 in 50,000. 


f 7 . Methylene Bine Test. — para-Aminodimethylaniline is con- 
verted by ferric chloride and hydrogen sulphide in strongly acid solution 
into the water-soluble dyestuif, methylene blue: 



This is a sensitive test for soluble sulphides and hydrogen sulphide. 

Place a drop of the test solution on a spot plate, add a drop of con- 
centrated hydrochloric acid, mix, then dissolve a few grains of p-amino- 
dimethylaniline in the mixture (or add 1 drop of a 1 per cent solution of 
the chloride or sulphate) and add a drop of 0-liV’ ferric chloride solution. 
A clear blue coloration appears after a short time (2-3 minutes). 

Sensitivity: 1 ftg. HgS. Concentration limit: 1 in 50,000. 

Catalysis of Iodine- Azide Reaction Test. — Solutions of 
sodium azide NaNj and of iodine (as KI 3 ) do not react, but on the 
addition of a trace of a sulphide, which acts as a catalyst, there is an 
immediate evolution of nitrogen : 

2 HaH 3 + I 2 2NaI + 3Na 

Thiosulphates and thiocyanates act similarly and must therefore be 
absent. The sulphide can, however, be separated by precipitation with 
zinc or cadmium carbonate. The precipitated sulphide may then be 
introduced, say, at the end of a platinum wire into a semimicro test- 
tube or centrifuge tube containing the iodine-azide reagent, when the 
evolution of nitrogen will be seen. 

Mix a drop of the test solution and a drop of the reagent on a watch 
glass. An immediate evolution of gas in the form of fine bubbles occurs. 

Sensitivity: 0*3 fig, Na^S. Concentration limit: 1 in 166,000. 

The sodium azide -iodine reagent is prepared by dissolving 3 grams 
of sodium azide in 100 ml. of 0*1^ iodine. The solution is stable. 
{The test is rendered more sensitive (to 0*02 jtxg. NagS) by employing a 
more concentrated reagent composed of 1 gram of sodium azide and a 
few crystals of iodine in 3 ml. of water.} 
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IV, 7. REACTIONS OF NITRITES, NOa" 

BoluUlUy. ’---■Silver nitrite is sparingly soluble in water. All other nitrites 
are soluble in water. 

Use sodium nitrite, NaNOg. 

1 . Dilute Hydrochloric Acid. — Cautious addition of the 
acid to a solid nitrite in the cold yields a transient, pale-blue 
liquid (due to the presence of free nitrous acid HNO2 or its 
anhydride N2O3) and the evolution of brown fumes of nitrogen 
dioxide, the latter being largely produced by combination of 
nitric oxide with the oxygen of the air. Similar results are 
obtained with the aqueous solution. 

NaNOa + HCl == HNO2 -f NaCl ; 

3HNO2 = H2O 4- HNO3 -f 2NO; 

2NO 4-02 = 2NO2 

2 . Ferrous Sulphate Solution. — When the nitrite solution 
is added carefully to a concentrated solution of ferrous sulphate 
acidified with dilute acetic acid or with dilute sulphuric acid, a 
brown ring, due to the compound [Fe,N0]S04, is formed at 
the junction of the two liquids. If the addition has not been 
made cautiously, a brown coloration results. This reaction is 
similar to the brown ring test for nitrates (see Section IV, 18, 
reaction 3), for which a stronger acid (concentrated sulphuric 
acid) must be employed. 

2NaN02 + 2H . C2H3OS = 2Na . C2H3O2 4- 2HNO2 1 
3HNO2 = HgO 4 - HNOg 4- NO; 

FeS04 4- NO = [Fe.N03S04 

Iodides, bromides, coloured ions and anions that give coloured 
compounds with ferrous salts must be absent. 

3. Barium Chloride Solution: no precipitate. 

4 . Silver Nitrate Solution; white crystalline precipitate 
of silver nitrite from concentrated solutions 

AgNOs 4- NaNOa = AgNOg 4- NaNOj 

5. Potassium Iodide Solution. — ^The addition of a nitrite 
solution to a solution of potassium iodide, followed by acidifi- 
cation with acetic acid or with dilute sulphirric acid, results 
in the liberation of iodine, which may be identified by the blue 
colour produced with starch paste. A similar result is obtained 
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by dipping potassinm iodide-starch paper moistened with a 
little dilute acid into the solution. An alternative method is 
to extract the liberated iodine with chloroform or carbon tetra- 
chloride (see Section IV, 16, reaction 4). 

2 KI + 2HNO2 + 2H.C2H3O2 

= 2K.C2H3O2 -f- 12 d" 2]sro -f* 2H2O 

6. Acidified Potassium Permanganate Solution: de- 
eolonrised by a solution of a nitrite, but no gas is evolved. 

: 2KMh04 + 3H2SO4 + 5HNO2 

= K2SO4 + .2MnS04 + 5HNO3 + 3H2O 

7. Ammonium Chloride. — ^By boiling a solution of a 
nitrite with excess of the solid reagent, nitrogen is evolved 
and the nitrite is completely destroyed. 

NaNOg + NH4CI = NaCl + Ng -h 2H2O 

8. Urea {CO(NH2)2}* — When a solution of a nitrite is 
treated with urea and the mixture acidified with dilute hydro- 
chloric acid, the nitrite is decomposed, and nitrogen and 
carbon dioxide are evolved. 

C 0 {NH 2)2 + 2HNO2 = 2N2 + CG2 + 3H2O 

9. Thiourea {CS(NH 2)2}— When a dilute acetic acid 
solution of a nitrite is treated with a little thiourea, nitrogen 
is evolved and thiocyanic acid is produced. The latter may 
be identified by the red colour produced with dilute HOI and 
FeCls solution. 

CS(NH2)2 + HNO2 = Ng + HSCN + 2H2O. 

Thiocyanates and iodides interfere and, if present, must be 
removed either with excess of solid Ag2S04 or with dilute 
AgNOs solution before adding the acetic acid and thiourea. 

10. Sulphamic Acid {H0.S02»NH2). — ^When a solution 
of a nitrite is treated with sulphamic acid, it is completely 
decomposed: 

HO.SO2.NH2 + HNO2 H2SO4 + H2O 

No nitrate is formed in this reaction, and it is therefore an 
excellent method for the complete removal of nitrite. Traces 
of nitrates are formed with ammonium chloride, urea and thio- 
urea (reactions 7, 8 and 9). 
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Note. All cyanides are highly poisonow. The free acid 
HON is volatile and is particularly dangerous so that all experi- 
ments in which the gas is likely to be evolved, or those in 
which cyanides are heated, should be carried out in the fume 
cupboard. 

1. Dilute Hydrochloric acid: hydrocyanic acid HCN, 
with an odour reminiscent of bitter almonds, is evolved in the 
cold. It should be smelled with great caution. A more satis- 
factory method for identifying hydrocyanic acid consists in 
converting it into ammonium thiocyanate by allowing the 
vapour to come into contact with a little yellcw ammonium 
sulphide on filter paper. The paper may be conveniently 
placed over the test-tube or dish in which the substance is 
being treated with the dilute acid. Upon adding a drop of 
ferric chloride solution and a drop of dilute hydrochloric acid 
to the filter paper, the characteristic red coloration, due to the 
ferri-thiocyanate ion [Fe(SCN)] + +, is obtained (see reaction 6 
below). Mercuric cyanide is not decomposed by dilute acids. 

KCN -h HCl = KCl -h HCN 

2. Silver Nitrate Solution: white precipitate of silver 
cyanide AgCN, readily soluble in excess of the cyanide solu- 
tion forming the complex salt, potassium argentocyanide 
K[Ag(CN)2] (compare Section I, 20). Silver cyanide is soluble 
in ammonia solution and in sodium thiosulphate solution, but 
is insoluble in dilute nitric acid. 

AgNOa + KCN = AgCN + KNO3; 

AgCN + KCN = K[Ag(CN)2] 

3. Concentrated Sulphuric Acid. — ^Heat a little of the 
solid salt with concentrated sulphmric acid; carbon monoxide 
is evolved which may be ignited and burns with a blue flame. 
All cyanides, complex and simple, are decomposed by this 
treatment. 

2KCN + 2H2SO4 -f- 2H2O = 2CO -f K2SO4 (NH4)2S04 

4. Prussian Blue Test. — This is a delicate test and is 
carried out in the following maimer. The solution of the 
cyanide is rendered strongly alkaline with sodium hydroxide 
solution, a few ml, of a freshly prepared solution of ferrous 
sulphate added (if only traces of cyanide are present, it is best 
to use a satmated solution of ferrous sulphate) and the mixture 
boiled. Potassium ferrocyanide is thus formed. Upon acidi- 
fying with hydrochloric acid (in order to neutralise any free 
alkali which may be present), a clear solution is obtained. 
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which gives a precipitate of Prussian blue upon the addition 
of a little ferric chloride solution. If only a little cyanide 
was used, or is present, in the solution to be tested, a green 
solution is obtained at first; this deposits PniBsian blue on 
standing. 

FeS04 + 2NaOH = Fe(OH)2 + Na2S04; 

Fe(OH)2 + 2KCN =- Fe(CN)2 + 2KOH; 

Fe(CN)2 + 4KCN == K4[Fe(CN)e]; 

K4[Fe(CN)6] + F 6 CI 3 - KFe[Fe(CN)6]3 + ^KOI 

5 . Mercurous Nitrate Solution: grey precipitate of 
metallic mercuiy (difference from chloride, bromide and 
iodide). 

Hg2(N03)2 + 2KCN = Hg(CN)2 + Hg + 2KNO3 

Mercuric cyanide is very little ionised in solution. It is best analysed by 
adding excess of potassium iodide solution when the cyanogen is obtained in 
an ionisable form: 

Hg(CN)2 -f 4KI = 4“ 2KCK 

Mercuric cyanide is decomposed in solution by hydrogen sulphi<le, mc^rcuric 
sulphide (solubility product 4 x 10*"*®) being precipitated (compares Holuhility 
Product, Section I, 15) and hydrocyanic acid being formed in solution. If the 
precipitate is filtered off, the thiocyanate test may be applied to tiie solution. 

Hg(CN)2 + H,S HgS + 2HCN 

6 . “Ferri -thiocyanate” Test. — ^This is another excellent 
test for cyanides and depends upon the direct combination of 
alkali cyanides with sulphur (best derived from an alkali poly« 
sulphide). A little ammonium polysulphide solution is added 
to the potassium cyanide solution contained in a porcelain dish, 
and the whole evaporated to dryness on the water batli in the 
fume cupboard. The residue contains alkali and ammonium 
thiocyanates together with any residual polysulphide. The 
latter is destroyed by the addition of a few drops of hydro- 
chloric acid. One or two drops of ferric chloride solution are 
then added. A blood-red coloration, due to the complex ferri- 
thiocyanate cation, is produced immediately : 

CN““ + 82^^ == SCN“* + 8“"*; 
gCJsr + Fe+++ [Fe(SCN)]+“^ (compare Section IV, 10, 

reaction 6') 

t The spot-test technique is as follows. Stir a drop of the test 
solution with a drop of yellow aimnonimn sulphide on a watch glass 
and warm until a rim of sulphur is formed round the liquid (evaporation 
to dryness, other than on a water bath, shotdd be avoided). Add 1-2 
drops of dilute hydrochloric acid, allow to cool, and add 1-2 drops of 
3 per cent ferric chloride solution. A red coloration is obtained. 

Sensitivity: 1 ^g, CN"', Concentration limit; i in 50,000. 
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The test is applicable in the presence of sulphide or sulphite; if thio- 
cyanate is originally present, the cyanide must be isolated first by 
preeipitation, as zinc cyanide. 

f 1 . , Copper SulpMde Test,— Solutions of cyanides readily dissolve 
cupric sulphide forming the colourless potassium euprocyanide: 

20uS: + lOKCN ===' 2K3 [Cu(CN)J -f 2 K 2 S + (ONls ■ 

The test is best carried out on filter paper or drop -reaction paper and 
is applicable in the presence of chlorides, bromides, iodides, ferro- and 
ferri-cyanides. 

Place a drop of a freshly prepared copper sulphide suspension on a 
filter paper (or on a spot plate) and add a drop of the test solution. The 
brown colour of copper sulphide disappears at once. 

Sensitivity: 2*5 p-g. CIsr~. Concentration limit: i in 20,000, 

The copper sulphide suspension is prepared by dissolving 0*12 
gram of crystallised copper sulphate in 100 ml. of water, adding a few 
drops of ammonia solution and rendering the solution cloudy with a 
little hydrogen sulphide. 

An aUernatim procedure is to employ quantitative filter paper or drop- 
reaction paper which has been impregnated with an ammoniacal solution 
containing 0*1 gram of copper sulphate per IQO ml. and dried. Imme- 
diately before the test a little hydrogen sulphide is blown on to the 
paper so that it acquires a imiform brown colour. Place a drop of the 
test solution upon this paper when a white ring will be obtained. 

Sensitivity: 2-5 /xg. CN”*, Concentration limit: 1 in 20,000. 

•fS, Copper Acetate -Benzidine Acetate Test. — This reaction takes 
place because the oxidation potential of cupric copper is increased when 
cuprous copper is removed by cyanide ions. 

Mix a few drops of the test solution with a little dilute sulphuric acid 
in a micro test-tube and tie (or otherwise fix) a piece of drop reaction 
paper which has been moistened with a mixture of equal parts of the 
copper acetate and benzidine reagents on to the top of the tube. A blue 
coloration is produced. 

Sensitivity: 0*25 ftg. CN"". Concentration limit: 1 in 200,000. 

Oxidising and reducing gases interfere; it has been recommended that 
the hydrocyanic acid be liberated by heating with sodium bicarbonate. 

Alternatively, place a drop of the test solution (or a few milligrams 
of the test solid) in the reaction bulb of Fig. I/, 6, 13, add 2 thin pieces 
of zinc foil and 2-3 drops of dilute sulphuric acid. Place a small circle of 
quantitative filter paper (or drop reaction paper) moistened with cupric 
acetate-benzidine acetate reagent across the funnel. The paper is 
coloured blue by the hydrocyanic acid carried over with the hydrogen. 

Sensitivity: 1/xg. CN"“. Concentration limit: 1 in 50,000. 

The copper acetate reagent (solution I) is a 3 per cent solution of 
copper acetate in water. 

The benzidine reagent (solution II) is a 1 per cent solution of 
benzidine in 10 per cent acetic acid. 

These solutions are best kept apart in black well-stoppered bottles. 
Kqual volumes of solutions I and II are mixed immediately before 
required. 
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IV, 9. REACTIONS OF CYANATES, GNO” 

SoluUlity^The oym&teB of the alkalis and of the alkaline earths are soluble 
in water. Those of silver, mercurous mercury, lead and copper are insoluble 
in water. The free acid is a colourless liquid with an unpleasant odour; it is 
very unstable. 

Use potass^^ 

J. Dilute Sulphuric Acid: vigorous effervescence, duc' 
largely to the evolution of carbon dioxide. The free cyanic 
acid HONO, which is liberated initially, is decomposed into 
carbon dioxide and ammonia, the latter combining with the 
sulphuric acid present to form ammonium sulphate. A little 
cyanic acid, however, escapes decomposition and may be 
recognised in the evolved gas by its penetrating odour. Upon 
warming the resulting solution with sodium hydroxide solution, 
ammonia is evolved (test with mercurous nitrate paper). 

KCNO + H2SO4 HCNO + KHSO4; 

HCNO + H2O + H2SO4 = CO2 + NH4HSO4 

2 . Concentrated Sulphuric Acid. — ^The reaction is similar 
to that with the dilute acid, but is somewhat more vigorous. 

3. Silver Nitrate Solution: white, curdy precipitate of 
silver cyanate AgCNO, soluble in ammonia solution and in 
dilute nitric acid (difference from silver cyanide). 

KCNO + AgNOg === AgCNO + KNO3 

4 , Barium Chloride Solution: no precipitate. 

5 , Cobalt Acetate Solution. — When the reagent is added 
to a concentrated solution of potassium cyanate, a blue colora- 
tion, due to potassium cobaltocyanate K2[Co(CNO)4], is pro- 
duced. The colour is stabilised and intensified somewhat by 
the addition of ethyl alcohol. 

Co(C 2 H 802)2 + 4 KCNO K2[Co(CNO)4l + 2K.C2H3O2 

d. Copper Sulphate -Pyridine Test, — Wkm. a cyanate is 
added to a dilute solution of a copper salt to which a few drops 
of pyridine have been previously added, a lilac blue precipitate 
is formed of the compound [Cu(C5H5N)2 (CN0)2] ; this is soluble 
in chloroform with the production of a sapphire blue solution. 
Thiocyanates interfere; excess of copper solution should be 
avoided. 

t Add a few di‘ops of pyridine to 2-3 drops of a 1 per cent solution of 
copper sulphate in about 10 ml. of water, then introduce about 2 ml. 
of chloroform followed by a few drops of the neutral cyanate solution. 
Shake the mixture briskly: the chloroform will acquire a blue coloin*. 

Concentration limit: 1 part cyanate in 20,000. 
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The blue complex is stable in the presence of a moderate excess of 
acetic acid; the reaction can therefore be applied to the detection of 
cyanates in alkaline solution. The solution to be tested is added to the 
copper-pyridine-ohloroform mixture, acetic acid added slowly and the 
solution shaken vigorously after each addition. As soon as the solution 
is neutral, the chloroform will asstime a blue colour. 

IV, 10. REACTIONS OF THIOCYANATES, SON*"* 

Solubility, and cuprous thiocyanates are practically insoluble in 
water, mercuric and lead thiocyanates are sparingly soluble; the solubilities, 
in grains per litre at 20°, are 0*0003, 0*0000, 0*7 and 0*45 respectively. The 
thiocyanates of most other metals are soluble. 

Use potassium thiocyanate (or sulphocyanide), KSOKT. 

1. Sulphuric Acid.— With the concentrated acid a yellow 
coloration is produced in the cold: upon warming a violent 
reaction occurs, carbonyl sulphide (bums with a blue jBlanie) 
and sulphur dioxide (fuchsin solution decolourised) may be 
detected in the gaseous decomposition products, and a yellow 
residue of sulphur remains, 

KSCN + 2H2SO4 + H2O = COS + NH4HSO4 + KHSO4 

With the SiV' acid no reaction occurs in the cold, but on 
boiling a yellow solution is formed, sulphur dioxide and a little 
carbonyl sulphide are evolved. A similar but slower reaction 
takes place wth 2N sulphuric acid. 

2. Silver Nitrate Solution: white, curdy precipitate of 
silver thiocyanate AgSCN, soluble in ammonia solution but 
insoluble in dilute nitric acid. 

: : ; KSCN + AgNOg == AgSCN + KNO3 

Upon boiling with N sodium chloride solution, silver thio- 
cyanate is converted into silver chloride (AgSCN + NaCl ^ 
AgCI + NaSCN — distinction and method of separation from 
the silver halides) ; the aqueous solution may be acidified with 
dilute hydrochloric acid and ferric chloride solution added 
when the characteristic red coloration of the ferri-thiocyanate 
ion will be obtained. 

Silver thiocyanate also decomposes upon ignition or upon 
fusion with sodium carbonate. 

5. Copper Sulphate Solution: solution is coloured green; 
with excess of the reagent, black cupric thiocyanate Ou(SCN )2 

* Raman spectra of thiocyanates appear to indicate that the ion is 
S — C = N rather than S = 0 = S', since a line assignable to the triple 
link and none for the double link was observed. Salts will be written as, 
t,g., KSCN and the ion [BCW or SCIT. 
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is precipitated. If a mixture of solutions of cupric sulphate 
and sulphurous acid is added to the thiocyanate solution, white 
cuprous thiocyanate CuSCN is precipitated; it is insoluble In 
dilute hydrochloric and sulphuric acids. 

2 KSCN + 2CUSO4 + H2SO3 + HgG = 2 CuSCN + K2SO4 + 2H2SO4 

4 . Mercuric Nitrate Solution: white precipitate of mer- 
curic thiocyanate Hg(SCN)2, readily soluble in excess of the 
thiocyanate solution. If the precipitate is heated, it swells up 
enormously forming ‘'Pharaoh's serpents,” a polymerised 
cyanogen product. 

Hg(N 03)2 + 2 KSCN = Hg(SCN)2 + 2KNO3; 

Hg(SCN}2 + 2 KSCN =- K2[Hg(SCN)4) 

5. Zinc and Dilute Hydrochloric Acid: hydrogen sulphide 
and hydrogen cyanide (poisonom) are eFolved. 

KSCN + Zn + 3 HC 1 = H^S + HON + ZnCl^ + KCl 

d. Ferric Chloride Solution: blood red coloration, due to 
the complex ferri-thiocyanate cation [Fe(SCN)] + +.* The 
colour can be extracted by shaking with ether. The red 
colour is discharged by fluorides ([FePg] formed), mercuric 
chloride ([Hg(SCN)4] formed) and oxalates ([B’e(C204)3] 
formed). Tartrates, other hydroxy acids, ferrocyanides, phos- 
phates, sulphides, thiosulphates and iodides interfere (the last- 
named because free iodine is produced by the ferric ions). 

Fe++++ SCN”^ ^ [Pe{SCN)]^ 

7 , Dilute Nitric Acid : decomposition occurs upon warming, 
a red coloration is produced, and nitric oxide and hydrogen 
cyanide {poisonom) are evolved. 

KSCN + 2HNO3 = KHSO4 + 2NO + HCN 
A vigorous reaction occurs with concentrated nitric acid, nitric 
oxide and carbon dioxide being evolved. 

TMocyanic Acid (HSCN) DistiUation T68t.--This test is a 
modification of 6^ and avoids inteiferences snoh m those due to iodides 
and ferrocyanides. 

Place a few drops of the test solution in a semimicro test-tube, 
acidify with dilute hydrochloric acid, add a small fragment of broken 
porcelain and attach a gas absorption pipette (Fig. //, S, 19, 0 ) charged 
with a drop or two of ammonia solution. Boil the solution in the test- 
tube gently so as to distil any HSCN present into the ammonia solution. 
Binse the ammonia solution into a clean semimicro test-tube, acidify 

* At high concentrations of thiocyanate there is some evidence that 
[Fe(SCN) 2 ]‘** also exists in solution: the complexes have been formulated as 
[Fe(SCN)n]^®““h The evidence for the presence of [Fe(SCN)J + '^ seems 
indisputable and this formula will be adopted throughout this book. 
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slightly with dilute hydrochloric acid and add a drop of ferric chloride 

solution. A red coloration is obtained. 

9. Cobalt. Nitrate .' Solatioii: blue coloration, due to 
K 2 [Co(CNS) 4 ] (see under Cobalt, Section III, 24,' reaction 6), 
but no precipitate (distinction from cyanide, ferrooyanide and 
ferricyanide). 

f The spot-test technique is as follows. Mix a drop of the test 
solution in a micro-cmcible with a very small drop (0'02 ml.) of a 1 per 
cent solution of cobalt sulphate or nitrate and evaporate to dryness. 
The residue, whether thiocyanate is present or not, is coloured violefc 
and the colour slowly fades. Add a few drops of acetone. A blue- 
green or green coloration is obtained. 

Sensitivity: 1 /Ag. SClSf". Concentration limit; 1 in 50,000. 

Nitrites yield a red colour due to nitrosyl thiocyanate and therefore 
interfere. with the test. 

fi^. Catalysis of Iodine-Azide Reaction' Test.—Traces of thio- 
cyanates act as powerful catalysts in the otherwise extremely slow 
reaction between iodine and sodium azide; 

■ , la 4- 2NaN3 == 2NaI ■ ' 

Sulphides (see Section IV, 6, reaction S) and thiosulphates (see Section 
IV, 5, reaction 9) have a similar catal5?tic effect; these may be removed 
by precipitation with mercuric chloride solution: 

■ Hg + + + SsOa”"* + HgO = HgS + 804"’“ + 2H + 
Considerable amounts of iodine retard the reaction ; iodine is therefore 
best largely removed by the addition of cold saturated mercuric chloride 
solution whereupon the complex [Hgl4}~'"' ion, which does not affect 
the catalysis, is formed. 

Mix a drop of the test solution with 1 drop of the iodine-azide reagent 
on a spot plate. Bubbles of gas (nitrogen) are evolved. 

Sensitivity; 1*5^. KBCN. Concentration limit; 1 in 30,000. 

The reagent is prepared by dissolving 3 grams of sodium azide in 
100 ml. of 0* IN iodine. 

11, Cupric Sulphate -Pyridine Reagent. — When a neutral 
solution of a thiocyanate is added to a dilute solution of a 
copper salt containing a few drops of pyridine, a yellowish- 
green precipitate of the composition [Ou(C 5 H 5 N) 2 (SCN) 2 ] is 
formed; the compound is soluble in chloroform to which it 
imparts an emerald green coloration. Cyanates interfere with 
this reaction; excess of pyridine should be avoided. 

t Add a few drops of p3nridine to 3~4 drops of a 1 per cent solution of 
copper sulphate in about 5 ml. of water, then introduce about 2 ml. 
of chloroform, followed by a few drops of the neutral thiocyanate 
solution. Shake the mixture vigorously. The chloroform will acquire 
a green colour. 

Concentration limit: 1 part thiocyanate in 60,000. 
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IV, 11. REACTIONS OF FERROCYANIDES, 
[Fe(CN)83 

ferrocyaiu of the aikaii and alkaline earth metals are 
soluble in water; those of the other metals are insoluble in water and in cold 
dilute acids, but are decomposed by alkalis. 

Use potassium ferrocyanide, K4[Fe(CN)e],3H20. 

1 . CoEceutrated Sulphuric Acid: complete decomposition 
occurs on prolonged boiling with the evolution of carbon 
monoxide, which bums with a blue flame. A little sulphur 
dioxide may also be produced, due to the reduction of the 
sulphuric acid by some of the ferrous sulphate. 

K4[Fe(CN)e] + 6H2SO4 + 6H2O 

== 2K2SO4 + 3(NH4)2S04 + FeJSO^ + 6CO; 

2FeS04 + 2H2SO4 ^ Fe2(S04)3 + SO. + 2H2O 

With dilute sulphuric acid, little reaction occurs in the cold, 
but on boiling a partial decomposition of the ferrocyanide 
occurs with the evolution of hydrogen cyanide and the forma- 
tion of some ferrous sulphate. The latter reacts with some of 
the undecomposed ferrocyanide yielding initially a precipitate 
of K2Fe[Fe(CN)6], which is gradually oxidised to Prussian blue 
(see under Iron, Section III, 19, reaction d). 

K4[Fe(CN)6] + 3H2SO4 ^ 6HCN + FeS 04 + 2K2SO4 

K 4 [Fe(CN) 6 ] + FeS04 ^ K2Fe[Fe(CN)e] + K2SO4 

2 . Silver Nitrate Solution: wliite precipitate of silver 
ferrocyanide Ag4[Fe(CN)6], insoluble in ammonia solution (dis- 
tinction from ferricyanide) and in dilute nitric acid, but soluble 
in potassium cyanide solution and in sodium thiosulphate 
solution. Upon warming with concentrated nitric acid, the 
precipitate is converted into the orange-red silver ferricyanide 
and is then soluble in ammonia solution. 

K4[Fe(CN)e] + 4AgN03 = Ag4[Fe(CN)e] + 4 KNO 3 

3 . Ferric Chloride Solution: precipitate of Prussian blue 
KFe[Fe(CN)e] in neutral and acid solutions (see under Iron, 
Section III, 20 , reaction d); the precipitate is decomposed by 
solutions of caustic alkalis, brown ferric hydroxide being 
formed. 

f The spot-test teclmique is as follows. Mix a drop of the test 
solution on a spot plate with a drop of ferric chloride solution. A 
blue precipitate or stain is formed. 

Sensitivity; K 4 [Fe(CN)e]. Concentration limit: i in 400,000. 
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. i,.. Ferrous Sulphate Solution: white precipitate of potas-, 
sium ferrous ferrocyanide K 2 Fe[Fe(CN) 0 ], rapidly turning blue 
owing to oxidation (see under Iron, Section II, 19, reaction 6 ). 

5. Copper Sulphate Solution: brown precipitate of copper 
ferrocyanide Cu 2 [Fe(CN) 0 ], insoluble in dilute acetic acid, but 
decomposed by solutions of caustic alkalis. 

K4[Fe{CN)6] + 2CUSO4 == Cu2[Fe(CN)6] + 2K2SO4 

d. Thorium Nitrate Solution: white precipitate of thorium 
ferrocyanide Th[Fe(CN) 0 ], which is difficult to filter (distinction 
and separation from ferricyanide and thiocyanate). 

Th(N03)4 + K 4 [Fe(CN)e] - 4KNO3 + Th[Fe(CN) 0 ] 

7. Hydrochloric Acid. — ^Treatment of a concentrated solu- 
tion of potassium ferrocyanide with hydrochloric acid results in 
the formation of hydroferrocyanic acid H 4 [Fe(CN)e], which may 
be isolated by extraction with ether, and obtained as a white 
solid. 

K. 4 [Fe(CN) 6 ] + 4HCI = 4KC1 + H 4 [Fe(CN) 6 ] 

8 . Ammonium Molybdate in Dilute Hydrochloric Acid 
Solution; brown precipitate of naolybdenyl ferrocyanide (dif- 
ference and separation from ferricyanide and thiocyanate), 
insoluble in dilute acids but soluble in solutions of alkali 
hydroxides. 

9. Titanium Chloride Reagent Test. — ^Ferrocyanides give 
with the pale yellow solution of titanium tetrachloride in dilute 
hydrochloric acid a reddish-brown, fiocculent precipitate of 
titanium ferrocyanide Ti[Fe(CN) 6 ], which is insoluble in fiiV 
hydrochloric acid. Ferricyanides give no precipitate: anions 
(e.g. chromate, arsenate and nitrite) which oxidise ferro- 
cyanides interfere. 

t Place a drop of the test solution on a spot plate, just acidify with 
dilute hydrochloric acid, and introduce 1 drop of the reagent. A 
reddish-brown precipitate is produced by ferrocyanides. 

The reagent is prepared (FUME CUPBOARD) by adding 10 ml. 
of liquid TiCh to 90 rnl. of dilute hydrochloric acid (1 : 1). 

10. Cobalt Nitrate Solution: greyish-green precipitate of 
cobalt ferrocyanide Co 2 [Fe(CN) 0 ] with excess of the reagent, 
insoluble in dilute hydrochloric and dilute acetic acids. 

fii. Uranyl Acetate Solution; brown precipitate of uranyl ferro- 
cyanide (U02)2[P©(C5N)4] in the presence of dilute acetic acid. Ferri- 
cyanides react only in concentrated solutions, and after long standing 
or heating to give the dirty yellow uranyl ferricyanide. Ferricyanides 
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are reduced by filter paper to ferrooyauides, hence tlie test slioiild not 
be carried out on filter paper. 

Place a drop of the test solution on a spot plate and add a drop of 
¥ uranyl acetate solution. A brown precipitate or spot is obtained 
within 2' minutes.' 

Sensitivity; 1 ftg. K 4 [Fe(CN) 6 ], Concentration limit: 1 in 60,000. 

Action of Heat, — ^All ferrocyanides are decomposed on 
heating, nitrogen and cyanogen being evolved. 

; 3K4[F6(CN)6] == Ng + 2(CN)2 + 

IV, n. REACTIONS OF FERRIGYANI0ES, 

[Fe(CN)6]"- 

Solubility. — ^The femoyanides of the alkali and alkaline earth metals and 
of ferric iron are soluble in water; those of most of the other metals are 
insoluble or sparingly soluble. 

Use potassium ferricyanide, K3[Pe(CN)6]. 

1. Concentrated Sulphuric Acid, — On warming a solid 
ferricyanide with this acid, it is decomposed completely, carbon 
monoxide being evolved. 

2K3[Fe(CN)6] + I2H2SO4 + I2H2O 

= 1200 + Fe2(S04)3 + 3 K 2 SO 4 + 6 (NH 4 ) 2 S 04 
With dilute sulphuric acid, no reaction occurs in the cold but 
on boiling hydrocyanic acid is evolved. 

2. Silver Nitrate Solution: orange-red precipitate of silver 
ferricyanide Ag3[Fe(ON)0], soluble in dilute ammonia solution 
(distinction from ferrocyanide), but insoluble in dilute nitric 
acid. 

K3[Fe(CN)e] + SAgNOs - Ag3[Fe(CN)6l + 3 KNO 3 

3. Ferrous Sulphate Solution; dark blue precipitate, 
formerly termed TumbulFs blue, but now Imown to be identical 
with Prussian blue KFe[Fe(CN)0], in neutral or acid solution 
(see under Iron, Section HI, 19, reaction 7). 

4. Ferric Chloride Solution: brown coloration, due to 
ferric ferricyanide Pe[Pe(CN)e] (see under Iron, Section III, 20, 
reaction 6). 

5. Copper Sulphate Solution: green precipitate of cupric 
ferricyanide Cu3[Fe(ON)0]2, insoluble in hydrochloric acid. 

2K3[Fe(CN)e] + SCuSO^ = Cu8[Fe(C]Sr)6]2 + 3 K 2 SO 4 

d. Concentrated Hydrochloric Acid.— The addition of 
concentrated hydrochloric acid to a cold satxirated solution of 
potassium ferricyanide results in the separation of brown ferri- 
cyanic acid H3[Fe(CN)a], 
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7.: Potassiiim Iodide Solution: iodine is liberated, whicb' 
may be identified by the bine colour produced with starch 
solution, 

2Ka[F6(CN)e] + 2E1 = 2K4[Fe(CN)6] + 12 

^. Cobalt Nitrate Solution: red precipitate of cobalt ferri- 
cyanide Go 3 [Fe(CN) 6 ] 2 , insoluble in hydrochloric acid but 
soluble in ammonia solution, 

f P. Benzidine Reagent; blue precipitate of oxidation product. 
Other oxidising agents (molybdates, chromates, etc.) must be absent. 
The test is applicable in the presence of ferrocyanide for benzidine 
ferrocyanide is white: the sensitivity is, however, reduced and it is 
best to precipitate the ferrocyanide first as the white insoluble lead 
ferrocyanide by the addition of lead acetate, the ferricyanide remaining 
in solution. 

Mix a drop of the test solution on a spot plate with a drop of the 
benzidine reagent. If ferrocyanides are present, a drop of 1 per cent 
lead nitrate solution should be added before the reagent. A blue 
precipitate or coloration appears. 

Sensitivity: 1 /xg. K 3 [Fe(CN)Q]. Concentration limit: 1 in 50,000. 
The reagent consists of 2N acetic acid saturated with benzidine in the 
cold. 

10, Action of Heat,— The decomposition is similar to that 
of ferrocyanides (Section IV, 11, reaction 12). 

6 K 3 [Fe(CN) 6 ] = 6 N 2 + 3(CN)2 + 18KCN +- 2Fe3G + IOC 

IV, 13, REACTION OF HYPOCHLORITES, C10~ 

SolubilUy.---All hypochlorites are soluble in water. The solutions are 
alkaline becatise of hydrolysis, and are decomposed by boiling. 

NaOCl 4- HgO HOCl -f NaOH 

Use a solution of sodium h 3 ?p)ochlorite, NaOGL* 

1, Dilute Hydrochloric Acid: the solution at first assumes 
a yellow colour, efiervescence oectOB and chlorine is evolved. 
The gas may be identified (a) by its greenish-yellow colour and 
irritating odour, (b) by its bleaching of litmus paper and (c) by 
its action upon potassium iodide-starch paper which it turns 
blue-black. 

NaOCI + HCl = HOOl + NaCl; 

HOCl -f HQ = CI 2 + HgO 

2, Potassium Iodide -Starch Paper: assumes a bluish- 
black colour in weakly alkaline solution as a result of the 
separation of iodine. 

2KI -h NaOCl + H 2 O = I 2 + 2KOH -f NaGl 

* Chloride is invariably present, and this will vitiate many ionic reactions. 
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3. Lead Acetate or Lead Nitrate Solution: brown lead 
dioxide Pb02 is produced on boiling. 

PblCgHsOzlz + NaOOl + H20= 2H.C2H3O2 + PbOg + NaCl 

4. Cobalt Nitrate Solution. — ^Add a few drops of the re- 
agent to a solution of the hypochlorite; a black precipitate of 
cobalt oxide is obtained. On warming, oxygen is evolved 
(identified by the rekindling of a glowing splint), the cobalt 
oxide acting as a catalyst. 

5. Mercury. — On shaking a slightly acidified (sulphuric 
acid) solution of a hypochlorite with mercury, a brown precipi- 
tate of basic mercuric chloride (HgCl)20 is formed, which is 
insoluble in water, but soluble in dilute hydrochloric acid. 
The precipitate is filtered off and dissolved in dilute hydro- 
chloric acid ; a black precipitate of mercuric sulphide is obtained 
on passing hydrogen sulphide into the solution. 

Chlorine water, imder similar conditions, gives a white 
precipitate of mercurous chloride Hg2Cl2, insoluble in hydro- 
chloric acid. 

2Hg -f 2HOC1 = (HgCl)20 -f- H2O; 

(HgaiaO + 2HC1 = 2HgCl2 -f H2O 

IV, 14. REACTIONS OF CHLORIDES, Cl" 

Solubility , — Most chlorides are soluble in water. Mercurous chloride 
HgjGla, silver chloride AgCI, lead chloride PbClg (this is sparingly soluble in 
cold but readily soluble in boiling water), cuprous chloride OuCI, bismuth 
oxychloride BiOCl, antimony oxychloride SbOCi and mercuric oxychloride 
HggOClji are insoluble in water. 

Use sodium chloride, NaCl. 

1. Concentrated Sulphuric Acid ; considerable decomposi- 
tion of the chloride occurs in the cold, completely on warming, 
with the evolution of hydrogen chloride, which is recognised 
(a) by its pungent odour and the production of white fumes, 
consisting of fine drops of hydrochloric acid, on blowing across 
the mouth of the tube, (6) by the formation of white clouds of 
ammonium chloride when a glass rod moistened with ammonia 
solution is held near the mouth of the vessel and (c) by its 
turning blue litmus paper red. 

NaCl ■+- H2SO4 = NaHS04 + HCl 

2 . Manganese Dioxide and Concentrated Sulphuric 
Acid. — ^If the solid chloride is mixed with an equal quantity of 
precipitated manganese dioxide,* concentrated sulphuric acid 

* The commercial substanoe (pyrolusite) usually contains considerable 
quantities of chlorides. 
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added and the mixture gently warmed, chlorine is evolved 
which is identified by its suffocating odour, yellowish-green 
colour, its bleaching of moistened litmus paper, and turning of 
potassium iodide-starch paper blue. The hydrogen chloride 
first formed is oxidised to chlorine. 

MnOa + 4IK)1 == MnClg +01^+ 2H2O 

3. Silver Nitrate Solution: white, curdy precipitate of 
silver chloride AgCl, insoluble in water and in dilute nitric acid, 
but soluble in dilute ammonia solution and in potassium 
cyanide and sodium thiosulphate solutions (see under Silver, 
Section III, 4, reaction 1; also Complex Ions, Section I, 20). 
The silver chloride is re-precipitated from the ammoniacal 
solution by the addition of dilute nitric acid. 

NaCl + AgNOa = AgCl -f NaNOs; 

AgGl+2NHa = [Ag(NH3)2]Cl; 

[Ag(NH3)2]Cl + 2HNO3 = AgCl + 2NH4NO3 

If the silver chloride precipitate is filtered off, washed with distilled 
water and then shaken with sodium arsenite solution it is converted 
into yellow silver arsenite and sodixun chloride is formed (distinction 
from silver bromide and silver iodide, which are unaffected by this 
treatment). This may be used as a confirmatory test for a chloride. 

Na^AsOg -f 3AgCl = 3HaCl -f AggAsOa 

4. Lead Acetate Solution: white precipitate of lead 
chloride PbCl2 from concentrated solutions (see under Lead, 
Section III, 2, reaction 1), 

5. Potassium Dichromate and Sulphuric Acid (Chromyl 
Chloride Test). — The solid chloride is intimately mixed with 
three times its weight of powdered potassium dichromate in a 
small distilling flask (Fig. IF, 2, 1), an equal bulk of concen- 
trated sulphuric acid added and the mixture gently warmed.* 
The deep-red vapours of chromyl chloride Cr02Cl2 which are 
evolved are passed into sodium hydroxide solution contained 
in a test-tube. The resulting yellow solution in the test-tube 
contains sodium chromate; this is confirmed by acidifying with 
dilute sulphuric acid, adding 1-2 ml. of amyl alcoholf followed 
by a little hydrogen peroxide solution. The organic layer is 
coloured blue. Alternatively, the diphenylcarbazide reagent 

* This test must not be carried out in the presence of chlorates because of 
the danger of forming explosive chlorine dioxide (Section IV, 19, reaction 1 ). 

t Diethyl ether may ^o be used, but owing to its highly inflammable 
character and the possible presence of peroxides (unless previously removed 
by special treatment), it is preferable to employ amyl alcohol or, less efficiently, 
amyl acetate. 

12 
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test (Section IV, 33 , reaction 10 ) may be applied. The forma- 
tion of a chromate in the distillate indicates that a chloride was 
present in the solid substance, since chromyl chloride is a 
readily volatile liquid (b.p. 116 * 5 ®( 7 ), 

: KgCrgOy + 4 NaCl + 6H2SQ4 

= 2Cr02Cl2 + 2KHSO4 + 4NaHS04 + 3H2O; 

Cr02O2' + 4 NaOH = Na2Cr04 + 2 NaCl + ^HgO : ■ ; 

Some chlorine may be liberated by the reaction : 

K2Cr207 + 6NaCI + 7H2SO4 

= 3CI2 + K2SO4 + 3 Na 2 S 04 + Cr2(S04)3 + m^O 

and this decreases the sensitivity of the test. 

Bromides and iodides give rise to the free halogens, which 
yield colourless solutions with sodium hydroxide : if the ratio 
of iodide to chloride exceeds 1 : 15 , the chromyl chloride 
formation is largely prevented and chlorine is evolved.*^ 
Fluorides give rise to the volatile chromyl fluoride Cr02F2, 
which is decomposed by water, and hence should be absent or 
removed. Nitrites and nitrates interfere as nitrosyl chloride 
may be formed. Chlorates must, of course, be absent. 

The chlorides of mercury, owing to their slight ionisation, do not respond 
to this test. Only partial conversion to CrOgClg occurs with the chlorides of 
lead, silver, antimony and tin. 

f The spot-test technique is as follows. Into the tube of Fig, //, 6, 14 
place a few milligrams of the solid sample (or evaporate a drop or two 
of the test solution in it), add a small quantity of powdered potassium 
dichromate and a drop of concentrated sulphuric acid. Place a column 
about 1 mm. long of a 1 per cent solution of diphenylcarbazide in 
alcohol into the capillary of the stopper and heat the apparatus for 
a few minutes. The cliromyl chloride evolved causes the reagent to 
assume a violet colour. 

Sensitivity: 1*5 fxg. CF. Concentration limit: 1 in 30,000. 

Alternatively, employ the same quantities of materials in the appara- 
tus of Fig. II, d, 10, and replace the diphenylcarbazide solution by a 
drop of dilute alkali on the glass knob. Wann for a few minutes and, 
after cooling, dip the glass knob into a few drops of the alcoholic di- 
phenylcarbazide solution which has been treated with a little dilute 
sulphuric acid and is contained on a spot plate. A violet coloration is 
obtained. 

Sensitivity: 0*3 /xg. CF. Concentration limit: i in 150,000. 

* The iodine reacts with the chromic acid yielding iodic acid: the latter, 
in the presence of concentrated sulphuric acid and especially on warming, 
liberates chlorine from chlorides, regenerating iodide. This explains the 
failure to form chromyl chloride. 
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Small amounts of bromides (< 5 per cent) do not interfere, but large 
amounts of bromides give rise to sufficient bromine to oxidise the 
reagent. It is therefore best to add a little phenol to the reagent 
solution, whereupon the bromine is removed as tribromophenoL 
Nitrates interfere since nitrosyl chloride is formed, but they may be 
reduced to ammonium salts. The interference of iodides is discussed 
above.. 


IV, 15. REACTIONS OF BROMIDES, Br"" 

Solubility, — Silver, mercurous and cuprous bromides are insoluble in water. 
Lead bromide is sparingly soluble in cold, but more soluble in boiling water. 
All other bromides are soluble. 

Use potassium bromM 

1. Concentrated Sulphuric Acid. — ^With the solid bromide, 
a reddish-brown solution is first formed and reddish-brown 
vapours of bromine accompany the hydrogen bromide (fuming 
in moist air) which is evolved; the reaction is accelerated by 
warming. The bromine is produced by the oxidation of the 
hydrogen bromide by the sulphuric acid. If syrupy phos- 
phoric acid H3PO4 is substituted for the sulphuric acid and 
the mixture warmed, only hydrogen bromide, the properties 
of which are similar to hydrogen chloride, is evolved. 

KBr + H2SO4 = KHSO4 -f HBr; 

2 HBr + H2SO4 ^ Brg + 8O2 + 2H2O 

KBr -f H3PO4 KH2PO4 + HBr 

2. Manganese Dioxide and Concentrated Sulphuric 
Acid. — ^When a mixture of a solid bromide, precipitated man- 
ganese dioxide and concentrated sulphuric acid is warmed, 
reddish-brown vapours of bromine are evolved, which is 
recognised (a) by its powerful irritating odour, (6) by its 
bleaching of litmus paper, (c) by its staining of starch paper 
orange-red and {d) by the red coloration produced upon filter 
paper impregnated with fluorescein (see Test 8 below). 

2 KBr + MnOg + 3H2SO4 -= Br^ -f ■2KHSO4 + MnS04 + 2H2O 

3. Silver Nitrate Solution: curdy, pale yellow precipitate 
of silver bromide AgBr, sparingly soluble in dilute, but readily 
soluble in concentrated ammonia solution. The precipitate is 
also soluble in potassium cyanide and sodium thiosulphate 
solutions, but insoluble in dilute nitric acid. 

AgBr + 2NH3 = tAg(NH3)2]Br; 

AgBr + 2 KCN = K[Ag(CN)2] + KBr 
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i. Lead Acetate Solution: white crystalline precipitate of 
lead bromide PbBr2, sparingly soluble in cold, but soluble in 
boiling water, 

f : 2EBr + PbCCgHaOg)^ == PbBr^ + 2K.C3H3O2 

: CMorine Water,* — ^The addition of this reagent drop- 

wise to a solution of a bromide liberates free bromine, which 
colours the solution orange-red; if carbon disulphide, chloro- 
form or carbon tetrachloride (2 ml.) is added and the liquid 
shaken, the bromine dissolves in the solvent (see The Distri- 
bution Law, Section I, 43) and, after allowing to stand, forms 
a reddish-brown solution below the colourless aqueous layer. 
With excess of chlorine water, the bromine is converted into 
yellow bromine monochioride or into colourless hypobromous 
or bromic acid, and a pale-yellow or colourless solution results 
(difference from iodide). 

2KBr + CI2 = 2KC1 + Br^; 

CI2 + By2 + 2H2O =: 2HOBr + 2Ha ; 

5CI2 + Brg + 6H2O = 2HBr03 -f lOHCi 
2KBr + HOC! + HCl = 2Ka + Br^ + H^O; 

Brg H- 5HOC1 + HgO = 2HEr03 + ^HCI 

6. Potassium Dichromate and Concentrated Sulphuric 
Acid. — On gently warming a mixture of a solid bromide, con- 
centrated sulphuric acid and potassium dichromate (see 
Chlorides, Section IV, 14, reaction 5 ) and passing the evolved 
vapours into water, a yellowish-brown solution, containing 
free bromine but no chromium, is produced. A colourless (or 
sometimes a pale yellow) solution is obtained on treatment with 
sodium hydroxide solution; this does not give the chromate 
reaction with dilute sulphuric acid, hydrogen peroxide and 
amyl alcohol, or with the diphenylcarbazide reagent (distinction 
from chloride), 

KsCr.O^ + 6KBr + 7H2SO4 

. 3 Br 2 + Cr2(S04)3 + 4K2SO4 + THgO 

7. Nitric Acid. — Hot and fairly concentrated nitric acid 
oxidises bromides to bromine : 

2KBr -f 4HNO3 = 2KNO3 + 2NO2 + Brg + 2H2O 

'fS. Fluorescein Test. — Free bromine converts the yellow dyestuff 
fluorescein (I) into the red tetrabromo -fluorescein or eosin (11). Filter 

* In practice, it is more convenient to use dilute sodium hypochlorite 
solution, acidified with dilute hydrochloric acid. This may also react as 
hypochlorous acid, HOCL 



15] Reactiom of the Acid Radicals or Anions 357 

paper impregnated with fluorescein solution is therefore a valuable 
reagent for bromine vapour since the paper acquires a red colour. 


Br Br 



Chlorine tends to bleach the reagent. Iodine foi'ms the red- violet 
coloured iodo-eosin and hence must be absent. If the bromide is 
oxidised to free bromine by heating with lead dioxide and acetic acid, 
practically no chlorine is simultaneously evolved from chlorides, and 
hence the test may be conducted in the presence of chlorides. 

2NaBr + PbOj + 4H .CjHaOa 

= + 2Na.C2Hs02 + Br^ -f 2 H 2 O 

Place a drop of the test solution together with a few milligrams of 
lead dioxide and acetic acid into the apparatus of Fig. H, 6, 13, and 
close the tube with the funnel stopper carrying a piece of filter paper 
which has been impregnated with the reagent and dried. Warm the 
apparatus gently . A circular red spot is formed on the yellow test paper. 

Alternatively, the apparatus of Fig. //, d, 14 may be used; a column, 
about 1 mm. long of the reagent, is employed. 

Sensitivity: 2 pg. Brg. Concentration limit: 1 in 25,000, 

The fluorescein reagent consists of a saturated solution of fluo- 
rescein in 50 per cent alcohol, 

t P. Fuchsin (or Magenta) Test. — The dyestufl fuchsin (1) forms a 



colourless addition compound with a bisulphite. Free bromine con- 
verts the thus decolourised fuchsin into a blue or violet brominated 
dyestufl. Neither free chlorine nor free iodine affect the colourless 
fuchsin bisulphite compotmd, hence the reaction may be employed for 
the detection of bromides in the presence of chlorides and iodides. 

Place a drop of the test solution (or a few milligrams of the test solid) 
in the tube of the apparatus shown in Fig. II, d, 14, add 2-4 drops of 
25 per cent chromic acid solution and close the apparatus with the 
“head’* which contains 1-2 drops of the reagent solution in the capillary. 
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Warm the apparatus geutly (do not allow it to boil)* In a short time 
the liquid in the capillary assumes a violet colour. 

Sensitivity; 3 /xg. Br”. Concentration limit; i in 15,000. 

■The fuchsin-Msulphite. reagent consists of a O'i per cent fuchsin 
solution just decolourised by sodium bisulphite. 

iv, 16 . REACTION OF IODIDES, F / 

Solubility. — The solubilities of the iodides are similar to those of the chlorides 
and bromides. Silver, mercurous, mercuric, cuprous and lead iodides are the 
least soluble salts. 

Use potassium iodide, KI. 

■ i. Concentrated Sulphuric Acid. — With a solid iodide, 
iodine is liberated; on warming, violet vapours are evolved, 
which turn starch paper blue. Some hydrogen iodide is 
formed— this can be seen by blowing across the mouth of the 
vessel, when white fumes are produced— but most of it reduces 
the sulphuric acid to sulphur dioxide, hydrogen sulphide and 
sulphur, the relative proportions of which depend upon the 
concentrations of the reagents. Pure hydrogen iodide is 
formed on warming with syrupy phosphoric acid. 

KI + H2SO4 = KHSO4 + HI; 

H2SO4 + 2HI ^ I2 + SO2 + 2H2O ; 

H2SO4 + 6HI = 3I2 + S + 4H2O; 

H2SO4 + SHI = 4I2 + HgS + IHgO 

KI + H3PO4 = KH2PO4 + HI 

If manganese dioxide is added to the mixture, only iodine is 
evolved. 

2KI + MnOs + 3H2SO4 = I2 + 2KHSO4 + MnS04 + 3H2O 

2. Silver Nitrate Solution; yellow, curdy precipitate of 
silver iodide Agl, readily soluble in potassium cyanide and in 
sodium thiosulphate solutions, very slightly soluble in con- 
centrated ammonia solution, and insoluble in dilute nitric acid. 
KI + AgNOa = Agl + KNO3 

5. Lead Acetate Solution: yellow precipitate of lead iodide 
Pbl2, soluble in much hot water forming a colourless solution, 
and yielding golden-yellow plates (‘^spangles”) on cooling. 

Pb(C2H302)2 + 2KI = Pbl2 4- 2K.C2H3O2 

4 , Chlorine Water.* — ^When this reagent is added drop- 
wise to a solution of an iodide, iodine is liberated, which colours 

* In practice it is more convenient to use dilute sodium hypochlorite 
solution acidified with dilute hydrochloric acid. This may react as hypo- 
chlorous acid, HOCl. 
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the solution brown; on shaking with 1-2 ml. of carbon di- 
sulphide, chloroform or carbon tetrachloride (see Section I, 43), 
it dissolves forming a violet solution, which settles out below 
the aqueous layer. The free iodine may also be identified by 
the characteristic blue colour it forms with starch solution. 
If excess of chlorine water is added, the iodine is oxidised to 
colourless iodic acid. 

2 KI -f Gg = 2 KC 1 -Mz; 

5Cl2 + h + 6H2O = 2HIO3 -f lOHCl 
2 KI -1- HOCl + HCl = 2 K 01 -1- Ig -[- H2O; 

I2 -1- 6 HOC 1 -f H2O = 2HIO3 -f- 5 HC 1 

5. Potassium Dichromate and Concentrated Sulphuric 
Acid: only iodine is liberated, and no chromate is present in the 
distillate (see Chlorides, Section IV, 14, reaction 5) (difference 
from chloride). 

KaCraOr + 6KI -f 7H2SO4 = Zh + Cr 2 (S 04)3 + 4K2SO4 -f THaO 

6. Sodium Nitrite Solution. — Iodine is liberated when this 
reagent is added to an iodide solution acidified with dilute acetic 
or sulphuric acid (difference from bromide and chloride). The 
iodine may be identified by colouring starch paste blue, or 
carbon tetrachloride violet. 

NaNOz -t- H.C 2 H 3 O 2 = HNO 2 - 1 - Na.C 2 H 302 ; 

2HNO2 -f 2 HI = I2 -f 2 NO + 2H2O 

7. Copper Sulphate Solution: brown precipitate consist- 
ing of a mixture of cuprous iodide Cul and iodine. The iodine 
may be removed by the addition of sodium thiosulphate solu- 
tion or sulphurous acid, and a nearly white precipitate of 
cuprous iodide obtained. 

2CUSO4 ■+■ 4 KI = 20 al -f Ib + 2K2SO4 
I2 -f- 2Na2S203 “ Na2S40B -|- 2 ]S[aI 

8. Mercuric Chloride Solution: scarlet precipitate of 
mercuric iodide Hgl 2 , soluble in excess of potassium iodide 
solution. 

HgClg + 2 KI = Hgig -f- 2 KCI; 

Hgl2 4 - 2 KI = K2[Hgl4] 

fS. Starch Test. — Iodides are readily oxidised in acid solution to 
free iodine by a number of oxidising agents; the free iodine may then be 
identified by the deep blue coloration produced with starch solution. 
The best oxidising agent to employ in the spot test reaction is acidified 
potassium nitrite solution: 

SHI -f- SHNO* = Ij -f- SNO + 2H*0 


[lY, 

Cyanides interfere because of the formation of cyanogen iodide ; tbey 
are tberefore removed before the test either by heating with sodium 
bicarbonate solution or by acidifying and heating; 

la + HCISr ^ICN + HI 

Mix a drop of the acid test solution on a spot plate with a drop of the 
reagent and add a drop of 10 per cent potassium nitrite solution. A 
blue coloration is obtained. 

Sensitivity: 2-5 /xg, Ig. Concentration limit: I in 20,000. 

The starch reagent is prepared by mixing 1 gram of soluble starch 
and 0*005 gram of mercuric iodide (which acts as a preservative) with a 
little water into a past© and then pouring 500 ml. of boiling water over 
the paste. 

Catalytic Reduction of Ceric Salts Test.— The reduction of 
ceric salts in acid solution by arsenites takes place very slowly: 

2Ce + + + + + AsOs""- + HgO = 2Ce + + + + As 04 “”“ + 2H+ 

Iodides accelerate this change, possibly owing to iodine liberated in the 
instantaneous reaction (i): 

2Ce + + + '«' + ~ 2Ce + + + + la (i) 

reacting according to (ii) : 

AsO^'"*' + la 4- HgO = As04‘’""‘ + + 2H+ (ii) 

the iodide ion reacting again as in (i). The completion of the reduction 
is indicated by the disappearance of the yellow colour of the ceric 
solution. Osmium and ruthenium salts have a similar catalytic effect. 
Moderate amounts of chlorides, bromides, sulphates and nitrates have 
no influence, but cyanides and also mercuric, silver and manganese 
salts interfere. 

Place a drop of the test solution together with a drop each of neutral 
or slightly acid 0-lA'' sodium arsenite solution and 0'05iV ceric ammo- 
nium sulphate solution (in %'N sulphuric acid) on a spot plate. The 
yellow colour soon disappears. 

Sensitivity: 0*03 /xg. I“, Concentration limit: 1 in 1,000,000. 

fii. Paliadous Chloride Test. — Solutions of iodides react with 
palladous chloride solution to yield a brownish -red precipitate of pal- 
iadous iodide Pdlg, insoluble in mineral acids. 

Mix a drop of the test solution on drop -reaction paper with a drop of 
a 1 per cent aqueous solution of palladous chloride. A brownish -black 
precipitate forms. 

Sensitivity: 1 /xg. 1'“. Concentration limit: I in 50,000. 

IV, 17. REACTIONS OF FLUORIDES, F“ 

SolyMUty. — ^The fluorides of the common alkali metals and of silver, mercury, 
aluminium and nickel are readily soluble in water, those of lead, copper, ferric 
iron, barium and lithium are slightly soluble, and those of the alkaline earth 
metals are insoluble in water. 

Use sodium fluoride, NaF, 
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1. CoBcentrated Sulphuric Acid.— With the solid fluoride, 
a colourless, corrosive gas, hydrogen fluoride HF, is evolved 
on warming; the gas fumes in moist air, and the test-tub© 
acquires a greasy appearance as a result of the corrosive action 
of the vapour on the silica in the glass, which liberates the gas, 
silicon tetrafluoride SiF 4 . By holding a moistened glass rod 
in the vapour, gelatinous silicic acid H 4 Si 04 is deposited on the 
rod; this is a product of the decomposition of the silicon tetra- 
fluoride (compare Section VII, 17, test 8), 

NaF + H 2 SO 4 = NaHS 04 + HF; 

SiOg + 4HF = SiF 4 + 2 H 2 O; 

3SiF4 + 4 H 2 O = 2H2[SiF6] + H 4 Si 04 

The same result is more readily attained by mixing the solid 
fluoride with an equal bulk of silica, making into a paste with 
concentrated sulphuric acid and warming gently; silicon tetra- 
fluoride is readily evolved. 

t The spot-test technique of the reaction utilises the conversion of 
the silicic and fluosilicic acids by means of ammonium molybdate into 
silico-molybdic acid H 4 [SiMoia 04 o]. The latter, unlike free molybdic 
acid, oxidises benzidine in acetic acid solution to a blue dyestufl and 
“molybdenum blue” is simultaneously produced. 

Mix the solid test sample with a little pure silica powder in the tube 
of the apparatus shown in Fig. I/, d, 10 and moisten the silica with 1-2 
drops of concentrated sulphuric acid. Place a drop of water on the 
glass knob of the stopper, insert it in position and heat the apparatus 
gently for about 1 minute. Bemove the source of heat and allow to 
stand for 5 minutes. Wash the drop of water into a micro crucible, 
add 1-2 drops of the ammonium molybdate reagent and warm the 
mixture imtil bubbling just commences. Allow to cool, introduce a 
drop of a 1 per cent solution of benzidine in 10 per cent acetic acid 
and a few drops of saturated sodium acetate solution. A blue colour 
is obtained. 

Sensitivity: 1 ftg. F. 

The ammonium molybdate reagent is prepared by dissolving 1-5 
grams of ammonium molybdate in 30 ml. of water (the addition of a 
little ammonia solution may be necessary) and pouring into 10 ml. of 
nitric acid (sp. gr. 1-2). 

2 . The Etching Test. — clean watch-glass is coated on 
the convex side with parajB&n wax, and part of the glass is 
exposed by scratching a design on the wax with a nail or wire. 
A mixture of about 0*3 gram of the fluoride and 1 ml. of con- 
centrated sulphuric acid is placed in a small lead or platinum 
crucible, and the latter immediately covered with the watch- 
glass, convex side down. A little water should be poured in 
the upper (concave) side of the watch-glass to prevent the wax 

12 * 
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from melting: The crucM is very gently warmed (best on a 
boiling water bath). After 5-10 minutes, the hydrogen 
flmoride will have etched the glass. This is readily seen after 
removing the paraffin wax by holding above a flame or with 
hot water, and then breathing upon the surface of the glass. 

The test may also be conducted in a small lead capsule, provided 
with a close-fitting lid made from lead foil. A small hole of about 
3 mm. diameter is pierced in the lid. About 0*1 gram of the sus- 
pected fluoride and a few drops of concentrated sulphuric acid are 
placed in the clean capsule, and a small piece of glass (e.^. a micro- 
scope slide) is placed over the hole in the lid. Upon warming very 
gently (best on a water bath) it will be found that an etched spot 
appears on the glass where it covers the hole. 

Chlorates, silicates and borates interfere and should therefore be 
absent. 

3. Silver Nitrate Solution: no precipitate, since silver 
fluoride is soluble in water. 

4. Calcium Chloride Solution: white, slimy precipitate 
of calcium fluoride CaF 2 , sparingly soluble in acetic acid, but 
slightly more soluble in dilute hydrochloric acid, 

2 NaF + CaClg = CaFg -f 2 NaF 

5. Ferric Chloride Solution : white crystalline precipitate 
of the complex salt Na 3 [reF 0 ] from concentrated solutions of 
fluorides, sparingly soluble in water. The precipitate does not 
give the reactions of iron {e.g. with ammonium thiocyanate), 
except upon acidification, 

FeCl 3 + 6 NaF = NasCFeFe] + 3NaCl 

t(5. Zirconium-Alizarin Lake Test, — Hydrochloric acid solutions 
of zirconium salts are coloured reddish -violet by alizarin-S or by alizarin 
(see under Aluminium, Section III, 21, reactions 8 and P, and under 
Zirconium, Section IX, 14, reaction 12 ); upon adding a solution of a 
fluoride the colour of such solutions changes immediately to a pale 
yellow (that of the liberated alizarin sulphonic acid or alizarin) because 
of the formation of the colomless zirconi-fiuoride ion [ZrF®] . The 
test may be performed on a spot plate. 

Mix together on a spot plate 2 drops each (equal volumes) of a 0*1 
per cent aqueous solution of aiizarin-S (sodium alizarin sulphonate) and 
zirconyl nitrate solution (0*1 gram of the solid zirconyi nitrate dis- 
solved in 20 ml. of concentrated hydrochloric acid and diluted to 100 
ml. with water): upon the addition of a drop or two of the fluoride 
solution the zirconium lake is decolourised to a clear yellow solution. 

Alternatively, mix 2 drops each of the alizarin-S and zirconyl nitrate 
solutions in a semimicro test-tube, add a drop of dilute hydrochloric 
acid or of 60 per cent acetic acid, followed by 2 drops of the test solution 
The pink colour will change to yellow^ 
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The most sensitive method of carrying out the spot test is as follows. 
Impregnate some quantitative filter paper or drop reaction paper with 
the zirconium'-ali2:arin-S reagent, dry it and moisten with a drop of 50 
per cent acetic acid. Place a drop of the neutral test solution upon the 
moist red spot; the spot will turn yellow. 

Sensitivity: 1 /xg. F**. Concentration limit: 1 in 50,000. 

Large amounts of sulphates, thiosulphates, nitrites, arsenates, phos- 
phates and oxalates interfere with the test. 

The aEirconium-alizarin-S paper is prepared as follows. Immerse 
quantitative filter paper (or drop-reaction paper) in a 5 per cent solution 
of zirconium nitrate in 5 per cent hydrochloric acid, drain and place in 
a 2 P©i‘ aqueous solution of alizarin-S. Wash the paper, which is 
coloured red-violet by the zirconium lake, until the washings are nearly 
colourless and then dry in air. 

IV, 18. REACTIONS OF NITRATES, NO,^ 

Solubility. — Ail nitrates are soluble in water. The nitrates of mercury and 
bismuth yield basic salts on treatment with water; these are soluble in dilute 
nitric acid. 

Use sodium nitrate, NaNOg. 

1. Concentrated Sulphuric Acid : reddish-brown vapours 
of nitrogen dioxide, accompanied by pungent acid vapours of 
nitric acid which fume in the air, are formed on heating the 
solid nitrate with the reagent. The nitric acid initially formed 
is decomposed by heating. Dilute sulphuric acid has no action 
(difference from nitrite). 

NaNOs + H2SO4 

4HNO3 == 4NO2 + O2 

2. Concentrated Sulphuric Acid and Bright Copper 
Turnings. — On heating these with the solid nitrate, reddish- 
brown fumes of nitrogen dioxide are evolved, and the solution 
acquires a blue colour owing to the production of cupric nitrate. 
A solution of the nitrate may also be used; the sulphuric acid 
is then added veiy cautiously. 

Cu + 4HNOg Cnim^h + ; 

3Cu + 8HNOg = 3 Cu(N 03)2 + 2NO -f 4H2O 
2N0 + 02=2N02 ■ 

3. Ferrous Sulphate Solution and Concentrated Sul- 
phuric Acid (Brown Ring Test). — ^This test is carried out 
in either of two ways: (a) Add 3 ml. of a freshly prepared 
saturated solution of ferrous srdphate to 2 ml. of the nitrate 
solution, and pour 3-5 ml. of concentrated sulphuric acid slowly 
down the side of the test-tube so that the acid forms a layer 
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beneath the mixture. A brown ring will form where the liquids 
meet. (6) Add 4 ml. of concentrated snlphtiric acid slowly to 
2 ml. of the nitrate solution, mix the liquids thoroughly and 
cool the mixture under a stream of cold water from the tap. 
Pour a saturated solution of ferrous sulphate slowly down the 
side of the tube so that it forms a layer on top of the liquid. 
A brown ring will form at the zone of contact of the two liquids. 

The brown ring is due to the formation of the compound 
[Pe{N 0 )]S 04 . On shaking and warming the mixture the brown 
colour disappears, nitric oxide is evolved and a yellow solution of 
ferric sulphate remains. The test is unreliable in the presence of 
bromide, iodide, nitrite, chlorate and chromate (see Section IV, 45, 
5and 4).„ 

NaNOg + ■NaHS 04 '+ 

' : : 6PeSG4 -f 2HNO3 + 3H2SO4 3Fea(S04)3 -f 2NO + 

FeS04 + NO = [Fe(N0)]S04 

Bromides and iodides interfere because of the liberated halogen ; 
the test is not trustworthy in the presence of chromates, sulphites, 
thiosulphates, iodates, cyanides, thiocyanates, ferro- and ferri- 
cyanides. AU of these anions may be removed by adding excess 
of nitrate-free Ag 2 S 04 to an aqueous solution (or sodium carbonate 
extract), shaking vigorously for 3-4 minutes, and filtering the in- 
soluble silver salts, etc. 

Nitrites react similarly to nitrates. They are best removed by 
adding a little suiphamic acid (compare Section IV, 7, reaction 10). 
The following reaction takes place in the cold : 

HO.SOjs.hTHg + NaNO^ = N^ -f NaHS 04 -f HgO 

t The spot-test technique is as follows. Place a crystal of ferrous 
sulphate about as large as a pin head on a spot plate. Add a drop of 
the test solution and allow a drop of concentrated sulphuric acid to run 
in at the side of the drop. A brown ring forms roimd the crystal of 
ferrous sulphate. 

Sensitivity: 2-5 /ig. NO 3 '“. Concentration limit; 1 in 25,000. 

4. Aluminium or Zinc and Sodium Hydroxide Solution 
(Ammonia Test). — ^Ammonia is evolved (detected by its 
odour; by its action upon red litmus paper and upon mercurous 
nitrate paper; or by the tannic acid-silver nitrate test, Section 
III, 36, reaction 7) when a solution of a nitrate is boiled with 
zinc dust or gently warmed with aluminium powder and 
sodium hydroxide solution. Excellent results are obtained by 
the use of Devarda^s alloy (45 per cent Al, 5 per cent Zn and 
50 per cent Cu). The reduction is due to the nascent hydrogen 
produced in the reaction. Ammonium ions must, of course, 
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be removed by boiling the solution with sodium hydroxide 
solution (and, preferably, evaporating almost to dryness) before 
f he addition of the mataL 

' / ^ M + 7NaOH NHg + 4Na2[Zn02] + 2 H 2 

; SNaNOg + 8A1 + 6NaOH + = SNHg + SNaCAlOg] ■ ^ 


Nitrites give a similar reaction and may be removed most simply 
with the aid of sulphamio acid (see test 3). Another, but more expen- 
sive, procedure involves the addition of sodium azide to the acid solution; 
the solution is allowed to stand for a short time and then boiled in order 
to complete the reaction and to expel the readily volatile hydrogen 
azide: 

HNOa + HN3 = Na + N^G + H^O 

Other nitrogen compounds which evolve ammonia under the above 
conditions are cyanides, thiocyanates, ferrocyanides and ferricyanides- 
These may be removed by treating the aqueous solution (or a sodium 
carbonate extract) with excess of nitrate-free AggSO^ (Compare Section 
IV, 45, 3), warming the mixture to about 60®, shaking vigorously for 
3-4 minutes and filtering from the silver salts of the interfering anions 
and excess of precipitant. The excess of silver ions is removed from 
the filtrate by adding an excess of NaOH solution, and filtering from 
the precipitated silver oxide. The filtrate is concentrated and tested 
with zinc, aluminium or Bevarda’s alloy. 

Attention is directed to the fact that arsenites are reduced in alkaline 
solution by aluminium, Devarda’s alloy, etc., to arsine, which blackens 
mercurous nitrate paper and also gives a positive tannic acid-silver 
nitrate test. Hence neither the mercurous nitrate test nor the tannic 
acid-silver nitrate test for ammonia is applicable if arsenites are present. 

t The spot-test technique is carried out as follows. Place a drop of 
the test solution in the tube of Fig, J/, d, 13, add 1-2 drops of 10 per 
cent sodium hydroxide solution and a few milligrams of Devarda’s 
alloy. Place a watch-glass with a drop of p-nitrobenzene-diazonium 
chloride reagent (for preparation, see imder Ammonium, Section IH, 36, 
reaction 7) on its under side upon the funnel stopper. Heat the 
apparatus gently for a short time. Add a tiny fragment of calcium 
oxide to the drop of the reagent: a red ring forms within 10-15 seconds. 

Sensitivity: 10 pg. NO 3 “. Concentration limit: 1 in 5,000. 

5. Diphenylamine Reagent {O6H5.NH.C6H5). — Pour the 
nitrate solution carefully down the side of the test-tube so 
that it forms a layer above the solution of the reagent; a blue 
ring is formed at the zone of contact of the two liquids. The 
test is a very sensitive one, but unfortunately is also given by 
a number of oxidising agents, such as nitrites, chlorates, 
bromates, iodates, permanganates, chromates, vanadates, 
molybdates and ferric salts. 

The reagent is prepared by dissolving 0*5 gram of diphenylamine 
in 100 ml. of concentrated sulphuric acid dilut^ with 20 ml. of water. 
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6. Nitroti Reagent (diphenyl -endo-anilo-diliydrot^^^ 

C2oHieN4),,:',," 



white crystalline precipitate of nitron nitrate C^oHjgNijHNOi 
with solutions of nitrates. Bromides, iodides, nitrites, chro- 
mates, chlorates, perchlorates, thiocyanates, oxalates and 
picrates also yield insoluble compounds, and hence the reaction 
is not very characteristic. 

The reagent is prepared by dissolving 5 grams of nitron in 100 ml. 
of 6 per cent acetic acid. 

7 , Action of Heat. — The result varies with the metal. The 
nitrates of sodium and potassium evolve oxygen (test with 
glowing splint) and leave solid nitrites (brown fumes with dilute 
acid) ; ammonium nitrate yields nitrous oxide and steam ; the 
nitrates of the noble metals leave a residue of the metal, and 
a mixture of nitrogen dioxide and oxygen is evolved; the 
nitrates of the other metals, such as those of lead and copper, 
evolve oxygen and nitrogen dioxide, and leave a residue of the 
oxide. 

2 N'aN 03 = 2NaN02 + Og; 

NH4N03=:N20+2H20; 

2 AgN 03 ~ “f* ^^^2 "h 0*2 > 

2Pb(N03)2 = 2PbO + 4NO2 + O2 

f Reduction to Nitrite Test.— Nitrates are reduced to nitrites by 
metallic zinc in acetic acid solution; the nitrite can be readily detected 
by means of the sulphaniiic acid-oc-naphthylamine reagent (see under 
Nitrites, Section IV, 7, reaction 11), Nitrites, of course, interfere and 
are best removed with sulphamic acid (see reaction B above). 

Mix on a spot plate a drop of the neutral or acetic acid test solution 
with a drop of the sulphaniiic acid reagent and a drop of tlie a-naphthyl- 
amine reagent, and add a few milligrams of zinc dust. A red coloration 
develops. 

Sensitivity: 0-05 ftg. NOg"*. Concentration limit: 1 in 1,000,000. 

IV, 19. REACTIONS OF CHLORATES, ClOa^ 

Solubility , — ^Ail chlorates are soluble in water; potassium chlorate is one of 
the least soluble (66 grams per litre at 18®) and lithium chlorate one of the 
most soluble (3150 grams per litre at 18®). 

Use potassium chlorate, KCIO3. 
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J. Concentrated Sulphuric Acid {DANOEB).~Al\ 
chlorates are decomposed with the formation of the greenish- 
yellow gas, chlorine dioxide CIO2, which dissolves in the sul- 
phuric acid to give an orange-yellow solution. On warming 
gently (DANGER) an explosive crackling occurs, which may 
develop into a violent explosion. In carrying out this test one 
or two small crystals of potassium chlorate (weighing not more 
than O-l gram) are treated with 1 ml. of concentrated sulphuric 
acid in the cold; the yellow explosive chlorine dioxide can be 
seen on shaking the solution. The test-tube should not be 
warmed, and its mouth should be directed away from the 
student. 

SKClOs -f 3H2SO4 = 2CIO2 + HCIO4 + 3KHSO4 + H2O 

2 . Concentrated Hydrochloric Acid.— All chlorates are 
decomposed by this acid, and chlorine, together with varying 
quantities of the explosive chlorine dioxide, are evolved; the 
latter imparts a yellow colour to the acid. The mixture of 
gases is sometimes known as “euchlorine.” The experiment 
should be conducted on a very small scale, not more than 
0*1 gram of potassium chlorate being ixsed. The following 
two chemical reactions probably occur simultaneously; 

2KCIO3 -f 4HC1 = 2CIO2 -f CI2 + 2H2O -f 2KC1; 

KCIO3 -h 6Ha == 3CI2 + 3H2O -b Ka 

3 . Sodium Nitrite Solution. — On warming this reagent 
with a solution of the chlorate, the latter is reduced to a 
chloride, which may be identified by adding silver nitrate 
solution after acidification with dilute nitric acid. The nitrite 
must, of course, be free from chloride. A solution of sul- 
phurous acid or of formaldehyde (10 per cent ; 1 part of formalin 
to 3 parts of water) acts similarly. Excellent results are 
obtained with zinc, aluminium or Devarda’s alloy and sodium 
hydroxide solution (see under Nitrates, Section IV, 18 , re- 
action 4 ) ; the solution is acidified with dilute nitric acid after 
several minutes boiling,* and silver nitrate solution added. 

KaOg -+- SNaNOg = KQ -f SNaNOg 
KCIO3 -f 3H2SOS = Ka -f 3H28O4 
KClOg -f 3H.CHO = Ka + 3H.COOH 
KaOg -h 3Zn -f 6NaOH = Ka -f SNaaEZnOg] -h SHgO 
KaOs + 2A1 -f 2NaOH = KCl + 2Na[A102] -j- HjO 

* It is best to filter ofi* the eiceass of metal before adding the silver nitrate 
solution. 


1 
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' i.; Silver . Nitrate Solution rno^ precipitate in .neutral solu- 
tion or in the presence of dilute nitric acid. Upon the addition 
of a little pure (chloride-free) sodium nitrite to the dilute nitric 
acid solution, a white precipitate of silver chloride is obtained 
because of the reduction of the chlorate to chloride (see re- 
action 3 above). 

No precipitate is obtained with- barium chloride solution. . 

5. Potassium Iodide Solution: iodine is liberated if a 
mineral acid is present. If acetic acid is used, no iodine 
separates even on long standing (difference from iodate). 

d. Ferrous Sulphate Solution ; reduction to chloride upon 
boiling in the presence of dilute mineral acid (difference from 
perchlorate). 

KCIO3 -f 6FeS04 + 3H2SO4 == KCl + 3Fe2(S04)3 + SHaO 

7. Indigo Test. — dilute solution of indigo in concentrated 
sulphuric acid is added to the chlorate solution until the latter 
has a pale-blue colour. Dilute sulphurous acid or sodium 
sulphite solution is then added drop by drop; the blue colour 
is discharged. The chlorate is reduced by the sulphurous acid 
to chlorine or to hj^pochlorite, and the latter bleaches the 
indigo. 

8 . Aniline Sulphate Test { (Cells. NH2)2H2S04}. — ^A small 
quantity of the solid chlorate (say, >0*05 gram) {DAN OEM) 
is mixed with 1 ml. of concentrated sulphuric acid, and 2-3 ml. 
of aqueous aniline sulphate solution added; a deep-blue colour 
is obtained (distinction from nitrate). 

fP. Manganous Sulphate-Phosphoric Acid Test. — ^Manganous 
sulphate in syrupy phosphoric acid solution reacts with chlorates to 
form the violet-coloured mangani-phosphate ion : 

6 Mn + + + 12P04“'^"" + 6 H+ -f 

- 6 [Mn(POJ,] + a“ + 3H2O 
Persulphates, nitrites, bromates, iodates and also periodates react 
similarly. The first-named may be decomposed by evaporating the 
sulphuric acid solution with a little silver nitrate as catalyst: 

2HaSa08 -j- - 4H2SO4 + 

Place a drop of the test solution in a micro crucible and add a drop 
of the reagent. Warm rapidly over a micro burner and allow to cool. 
A violet coloration appears. Very pale colorations may be intensified 
by adding a drop of 1 per cent alcoholic diphenyloarbazide solution 
when a deep violet colour, due to an oxidation product of the diphenyl- 
carbazide, is obtained. 

Sensitivity: 0*05 /xg. 0103“. Concentration limit: 1 in 1 , 000 , 000 . 

The reagent is prepared by mixing equal volumes of saturated man- 
ganous sulphate solution and syrupy phosphoric acid. 
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10. Action of Heat. — All chlorates are decomposed by heat 
into chlorides and oxygen. Some perchlorate is usually formed 
as an intermediate product. The chloride is identified in the 
residue by extracting with water and adding dilute nitric acid 
and silver nitrate solution. An insoluble chlorate should be 
mixed with sodium carbonate before ignition. 

2KCIO3 = 2KC1 + 3O2; 

2KCIO3 == KCIO4 + KQ + O2 

IV, 20. REACTIONS OF BROMATES, BrOg" 

Solubility. — Silver, bariuza and lead bromates are slightly soluble in water, 
the solubilities being respectively 2*0 grams, 7*0 grams and 13*5 grams per 
litre at 20° ; mercurous bromate is also sparingly soluble. Most of the other 
metallic Wmates are readily soluble in water. 

Use potassium bromate, KBr03. 

1, Concentrated Sulphuric Acid. — Add 2 ml. of the acid 
to 0*5 gram of the solid bromate; bromine and oxygen are 
evolved in the cold in consequence of the decomposition of the 
liberated bromic acid. 

4HBr03 = ^Brg + SOg + 2 H 2 O 

2: Silver Nitrate Solution. — white crystalline precipi- 
tate of silver bromate AgBrO^ is produced with a concentrated 
solution of a bromate. The precipitate is soluble in hot water, 
readily soluble in dilute ammonia solution forming a complex 
salt, and difficultly soluble in dilute nitric acid. 

AgBrOg + 2NH3 = [Ag(NH3}2]Br03 

Precipitates of the corresponding bromates are also produced 
by the addition of solutions of barium chloride, lead acetate 
or mercurous nitrate to a concentrated solution of a bromate. 

If the solution of silver bromate in dilute ammonia solution 
is treated dropwise with sulphurous acid solution, silver 
bromide separates : the latter dissolves in concentrated ammonia 
solution (difference from iodate). 

3. Sulphur Dioxide. — If the gas is bubbled through a solu- 
tion of a bromate, the latter is reduced to a bromide (see 
Bromides, Section IV, 15). A similar result is obtained with 
hydrogen sulphide and with sodium nitrite solution (see under 
Chlorates, Section IV, 19, reaction 3). 

KBrOs + 3H2SO3 = KBr + 3H2SO4 
KBrOa + SHgS == KBr + SHgO + 3S 
KBrOg + 3NaN02 = KBr + SNaNOg 
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' 4* Hydrobromic AcM.^ together solutions of potas-; 
sitim bromate and bromide, and acidify with dilute sulphuric 
acid; bromine is liberated as a result of mteraction between 
the bromic and hydrobromic acids set free. The bromine may 
be extracted by adding a little chloroform or carbon tetra- 
chloride. 

HBrOs + 5HBr = + SH2O 

; 5. Action of Heat.' — Potassium bromate' on heating evolves 
oxygen and a bromide remains. No perbromate is formed. 
Sodium and calcium bromates behave similarly, but cobalt, 
zinc and other similar metallic bromates evolve oxygen and 
bromine, and leave an oxide. 

6. Manganous Sulphate Test.— If a bromate solution is 
treated with a little of a i : 1 mixture of saturated manganous 
sulphate solution and 2N sulphuric acid, a transient red 
coloration (due to manganic sulphate) is observed. Upon 
concentrating the solution rapidly, brown hydrated manganese 
dioxide separates. The latter is insoluble in dilute sulphuric 
acid, but dissolves in a mixture of dilute sulphuric and oxalic 
acids (difference from chlorates and iodates, which neither give 
the coloration nor yield the brown precipitate), 

HBrOa + 6MnS04 + BHgSO^ = HBr + 3Mn2(S04)g + SHgO; 

HBrOs + 5HBr = SBrg + BH^O 
Mn203 -j- Brg -f* H2O == !2Mn02 "b SsIIBr 

t In the spot test technique, the reaction is combined with a sensitive 
test for manganese (oxidation of benzidine by manganese dioxide to 
^‘benzidine blue”). Place a drop of the test solution in a semimicro 
centrifuge tube, add a drop or two of 2 per cent manganous sulphate 
solution acidified with dilute sulphuric acid and warm for 2-Z minutes 
in a boiling water bath. Cool, add a few drops of the benzidine reagent 
and a few small crystals of sodium acetate. A blue coloration results. 

Sensitivity: 30 ftg. BrOs"". Concentration limit: 1 in 2500. 

The benzidine reagent is prepared by dissolving 0-05 gram of 
benzidine in 10 ml. of acetic acid, diluting to 100 ml. with water and 
filtering, if necessary, 

IV, 21. REACTIONS OF IODATES, lO'g 

Solubility, — ^The iodates of the alkali metals are soluble in water; those of 
the other metals are sparingly soluble and, in general, less soluble than the 
corresponding chlorates and bromates. Some solubilities in grams per litre 
at 20° are: lead iodate 0-03 (25**), silver iodate 0*06, barium iodate 0*22, 
calcium iodate 3-7, potassium iodate 8b3 and sodium iodate 90*0. Iodic acid 
is a crystalline solid, and has a solubility of 2330 grams per litre at 20°. 

Use potassium iodate, KIO3. 
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7. Concentrated Sulphuric Acid: no action in the absence 
of reducing agents ; readily converted into hydriodic acid in 
the presence of ferrous sulphate. 

HIO3 + 6FeS04 + 3H2SO4 == HI + 3Fe2(S04)3 + 3H2O* 

2. Silver Nitrate Solution; white, curdy precipitate of 
silver iodate AglOs, readily soluble in dilute ammonia solution, 
but difficultly soluble in dilute nitric acid. 

KIO3 + AgNOg = AglOg + KNOs; 

AglOg + 2NH3 = [AgCNHgyiOg 
If the ammoniacal solution of the precipitate is treated dropwise 
with sulphurous acid solution, silver iodide is precipitated; the 
latter is not dissolved by concentrated ammonia solution (dif- 
ference from bromate). 

3 . Barium Chloride Solution: white precipitate of barium 
iodate Ba(I03)2 (difference from chlorate), difficultly soluble in 
hot water and in dilute nitric acid, but insoluble in alcohol 
(difference from iodide). If the precipitate of barium iodate is 
well washed, treated with a little sulphurous acid solution and 
1-2 ml. of carbon tetrachloride, the latter is coloured violet by 
the hberated iodine. 

2 KI 08 -i- BaGg = Ba(I 03 ) 2 -f 2 KCI 

4 . Mercuric Nitrate Solution; white precipitate of mer- 
curic iodate Hg(I03)2 (difference from chlorate and bromate). 
Lead acetate solution similarly gives a precipitate of lead 
iodate Pb(I03)2. 

2EIO3 Hg(N03)2 = Hg(I03)2 4- 2KNO3 
Mercuric chloride solution, which is practically unionised (as 
mercuric chloride is covalent), gives no precipitate. 

5 . Sulphur Dioxide or Hydrogen Sulphide. — Passage of 
sulphur dioxide or of hydrogen sulphide into a solution of an 
iodate, acidified with dilute hydrochloric acid, Mberates iodine, 
which may be recognised by the addition of starch solution or 
chloroform or carbon tetrachloride. With an excess of either 
reagent, the iodine is further reduced to hydriodic acid. 

KlOg -f Ha = HIO3 -f Ka; 

2HIO3 H- 5H2SO3 = I2 -f 5H2SO4 4- H2O; 

I2 4- H2SO3 + H2O ^2m+ H2SO4 

2HIO3 4 - SHaS = I2 4 - 5 S 4 - 6H2O ; 
la 4- HgS ^ 2 HI 4- S 

* Iodine will eventually separate owing to the interaction between the 
hydriodic and iodic acid (see reaction 6 below). 
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6. Potassium Iodide : Solution.— Mix together .solutions 
of potassinHi iodide and potassium iodate, and acidify with 
acetic acid or with tartaric acid solution; iodine is immediately 
liberated (use the chloroform or carbon tetrachloride test). 

HIO3 + 5HI 3I2, + 3H2O , . 

7. Action of Heat. — ^The alkali iodates decompose into 
oxygen and an iodide. Most iodates of the divalent metals 
yield iodine and oxygen and leave a residue of oxide; barium 
iodate, exceptionally, gives the periodate, 

2EIO3 -= 2EI + 3O2; 

2Pb(I03)2 = 2I2 + 5O2 + 2PbO; 

5Ba{I03)2 = Ba5(I06)2 + 4" ^^2 

Hypophosphorous Acid-Starch Solution Test 
reduced by hypophosphorous acid eventually to iodides, 
takes place in three stages: 

10 f + 3H3PO2 -= r + 3H3PO3 

51“ + 10 3~ + 6H+ == 3I3 + 3HgO 

I3 + HaPOa + H3O - 2 HI + H3PO4 

The first two stages are rapid and the third stage is a slow reaction. 
The iodine can be readily identified by the starch reaction. Chlorates 
and bromates do not react under these conditions. 

Place a drop of the neutral test solution on a spot plate and mix it 
with a drop of starch solution (for preparation, see under Iodides, 
Section IV, 16, reaction P) and a drop of a dilute solution of hypo- 
phosphorous acid. A transitory blue coloration is produced. 

Sensitivity: 1 /xg. 10 3”. Concentration limit: 1 in 50,000. 

fP. Potassium Thiocyanate Test.— Iodates react with thiocya- 
nates in acid solution with the liberation of iodine: 

eiOa" -f 5SCN“ + 6H+ + 2H3O = 3I2 + 5HCN + 5HSO4" 

Treat a piece of starch paper successively with a drop of 5 per cent 
potassium thiocyanate solution and a drop of the acid test solution. 
A blue spot is obtained. 

Sensitivity: 3 /xg. 10 3'*. Concentration limit: 1 in 12,000. 

IV, 22. REACTIONS OF PERCHLORATES, CIO^’ 

Solubility ."^ — The perchlorates are generally soluble in water. Potassium 
perchlorate is one of the least soluble (7*5 grams and 218 grams per litre at 0® 
and ICM)® respectively), and sodium perchlorate is one of the most soluble 
(2090 grams per litre at 25®). 

Use sodium, perchlorate, NaClO.. 

1 . Concentrated Sulphuric Acid: no visible action with 
the solid salt although the free perchloric acid HCIO. is 


• — Iodates are 
The reaction 

(i) 

(ii) 

(iii) 
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liberated; on strong heating, white fumes of the hydrate, 
HC104,H20, are evolved. 

NaClOi + H2SO4 = HCIO4 + NaHSOi 

2. Potassium Chloride Solution; white precipitate of 
potassium perchlorate KCIO4, insoluble in alcohol (see imder 
Potassium, Section III, 34, reaction 3). Ammonium chloride 
solution gives a similar white precipitate of ammonium per- 
chlorate NH4CIO4. 

3. Barium Chloride Solution: no precipitate. A similar 
result is obtained with silver nitrate solution. 

4. Indigo Test: no decolourisation even in the presence of 
acid (difference from hypochlorite and chlorate). 

5. Sulphur Dioxide or Hydrogen Sulphide or Ferrous 
Salts: no reduction (difference from chlorate). 

6. Titanous Sulphate Solution: reduced to chloride. 

7. Cadmium Ammonium Perchlorate Test. — ^When a 
solution of a perchlorate is treated with a saturated solution of 
cadmium nitrate in concentrated ammonia solution, a white 
crystalline precipitate of cadmium ammonium perchlorate is 
obtained. 

2NaC104 -f [Cd(NH3)4](NOs)2 ^ [Cd(NH3)4](a04)2 -t- 2NaN03 
Sulphides interfere and should therefore be absent. 

8. Action of Heat : oxygen is evolved, and a chloride (for 
tests see under Chlorides, Section IV, 14) is produced. 

NaCi04 == NaCl -f 2O2 


IV, 23. REACTIONS OF BORATES, 

BO3 , 8407"", BOf 

The borates are derived from the three boric acids: ortho-boric acid H3BO5. 
pyro-boric acid and meta-boric acid HBO2. Ortho-boric acid is a 

white crystalline solid, sparingly soluble in cold but more soluble in hot water; 
very few salts of this acid are dednitely known. On heating ortho-boric acid 
at 100 it is converted into meta-boric acid; at 140® pyro-boric acid is pro- 
duced. Most of the salts are derived from the meta- and pyxo-acids. Ow-ing 
to the weakness of boric acid, the soluble salts are hydrolysed in solution and 
therefore react alkaline, 

Ha^O, + SHjO 23 SraBOs, + 2H3BO3; 

NaBOg + 2H3O ^ NaOH + H^BOg 

Solubility , — ^The borate of the alkali metals are readily soluble in water. 
The borates of the other metals are, in general, difficultly soluble in water, but 
fairly soluble in acids and in ammonium chloride solution. 

Use sodium pyro-borate (“borax”), ]Sra2B4O7,10H2O. 
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■; , I. Concentmted Sttlphuric^ Acid: no .visible action in the 
cold, althongh ortho-boric acid H3BO3 is set free. On heating, 
however, white fames of boric acid are evolved. If concen- 
trated hydrochloric acid is added to a concentrated solution of 
borax, boric acid is precipitated. 

NagB^O^ + 2HC1 + ^HgO ,== 4 H 3 BO 3 + ^NaCl , 

2. Concentrated Sulphuric Acid and Alcohol (Flame 
Test). — If a little borax is mixed with 1 ml. of concentrated 
sulphuric acid and 5 ml. of methyl or ethyl alcohol (the former 
is to be preferred owing to its greater volatility) in a small 
porcelain basin, and the alcohol ignited, the latter will burn with 
a green-edged flame, due to the formation of methyl borate 
B(0CH3)3 or of ethyl borate B(OC2H5)3, Both these esters 
are poisonous. Copper and barium salts may give a similar 
green flame. The following modification of the test, which 
depends upon the greater volatility of boron trifiuoride BF3, 
can be used in the presence of copper and barium compounds; 
these do not form volatile compounds under the experimental 
conditions given below. Thoroughly mix the borate with 
powdered calcium fluoride and a little concentrated sulphuric 
acid, and bring a little of the paste thus formed on the loop of 
a platinum wire, or upon the end of a glass rod, very close to 
the edge of the base of a Bunsen flame without actually touch- 
ing it; volatile boron trifluoride is formed and colours the 
flame green. 

H3BO3 + 3CH3OH B(0CH3)3 + 3H3O 

GaPg + H2SO4 = CaS04 + 2HF; ' ■ ■ 

Na2B407 + H2SO4 ^ 2B3O3 + Na2S04 + H^O ; 

B2O3 + 6HP ^ 2BP3 + 3H2O 

t The reaction may be adapted as a spot test in the following manner. 
The methyl borate is distilled ofl and passed into an aqueous solution 
containing potassium fluoride, manganom nitrate and silver nitrate. 
The ester is hydrolysed by the water to boric acid: 

B(OCHs)3 + 3HgO «= HsBOa + 3CH3OH; 

the boric acid reacts with the alkali fluoride forming a borofluoride and 
liberating free caustic alkali: 

H3BO3 -f 4KP K[BP4] + 3KOH; 

the free caustic alkali is identified by the formation of a black precipitate 
with manganous nitrate-silver nitrate solution (see under Ammonium, 
Section III, 36, reaction 

Mu++ + 2Ag+ + 40H"* MnOg + 2Ag + 2H|0 
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Fleece a drop of the alkaline test solution in the distillation apparatus 
of Fig. II, 16 and evaporate to dryness. Add 5 drops of concentrated 
sulphuric acid and 5 drops of pure methyl alcohol, stopper the apparatus 
r and heat to 80*^0 in a water bath. Collect the methyl borate which 

distils over in a micro porcelain crucible, waxed on the inside, and 
containing about 1 ml, of the reagent. A black precipitate forms. 
For very small amounts of borate it is best to add a few drops of ben- 
zidine acetate solution and thus to detect the traces of manganese di- 
oxide by the resulting blue colour. 

Sensitivity: 0-01 /xg, B. Concentration limit: 1 in 5,000,000. 

I The reagent (a manganous nitrate-silver nitrate solution containing 

i potassium fluoride) is prepared as follows. Dissolve 2-87 grams of 

manganous nitrate and 1-69 grams of silver nitrate in 100 ml. of water, 
add a drop of dilute alkali and Alter the solution from the black precipi- 
5 tate. Treat the filtrate with a solution of 3-5 grams of potassium 

fluoride in 50 ml. of water; a white precipitate will form which on 
heating becomes grey and black. Boil, filter and use the clear solution 
as the reagent. 

^ *?. Turmeric Paper Test.— If a piece of turmeric paper is 

^ dipped into a solution of a borate acidified with dilute hydro- 
chloric acid and then dried at 100 it becomes reddish-brown, 
j The drying of the paper is most simply carried out by winding 
I it on the outside near the rim of a test-tube containing water, 
and boiling the water for 2-3 minutes. On moistening the 
paper with dilute sodium hydroxide solution, it becomes bluish- 
black or greenish-black. Chromates, chlorates, nitrites, iodides 
and other oxidising agents interfere because of their bleaching 
action on the turmeric. 

' i. Silver Nitrate Solution: white precipitate of silver 

metaborate AgB02 from fairly concentrated borax solution, 
soluble in both dilute ammonia solution and in acetic acid. 
On boiling the precipitate with water, it is completely hydro- 
lysed and a brown precipitate of silver oxide is obtained. A 
brown precipitate of silver oxide is produced directly in very 
dilute solutions. 

NagBA + 2AgN03 -= 2 AgBO^ + 2H3BO3 + 2NaN03; 

2AgB02 "b 3H2O = Ag20 -j“ 2H3BO3 

5. Barium Chloride Solution : white precipitate of barium 
meta-borate Ba(B02)2 from fairly concentrated solutions; the 
precipitate is soluble in excess of the reagent, in dilute acids 
and in solutions of ammonium salts. Solutions of calcium and 
strontium chloride behave similarly. 

NagB^Oy *+■ SHgO + BaClg = Ba(B02)2 + 2H3BO3 + 2^01 
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6. Action of . Heat.— Powdered ■ borax ' when; heated in : an 
ignition tube, or upon a platinum wire, swells up considerably, 
and then subsides, leaving a colourless glass of the anhydrous 
salt. The glass possesses the property of dissolving many 
oxides on heating, forming meta-borates, which often have 
characteristic colours. This is the basis of the borax bead 
test for various metals (see Section 11, 1, reaction 5). 

para-Nitrobenzene-azo-chromotropic Acid* Reagent : ' 



Borates cause the blue-violet reagent to assume a greenish-blue colour. 

Evaporate a drop of the slightly alkaline solution to dryness in a 
semimicro crucible. Stir the warm residue with 2-3 drops of the 
reagent. A greenish-blue coloration is obtained on cooling. A blank 
test should be performed simultaneously. 

Sensitivity; 0*1 ftg. B. Concentration limit: 1 in 500,000. 

Oxidising agents and fluorides interfere, the latter because of the 
formation of borofiuorides. Oxidising agents, including nitrates and 
chlorates, are rendered iimocuous by evaporating with solid hydrazine 
sulphate, whilst fluorides may be removed as silicon tetrafluoride by 
evaporation with silicic acid and sulphuric acid. 

The experimental details are as follows. Treat 2 drops of the test 
solution in a small porcelain crucible either with a little solid hydrazine 
sulphate or with a few specks of precipitated silica and 1-2 drops of 
concentrated sulphuric acid, and heat cautiously until fumes of sulphuric 
acid appear. Add 3-4 drops of the reagent whilst the residue is still 
warm and observe the colour on cooling. 

Sensitivity: 0«25 /xg. B in the presence of 12,000 times the amount 
of KClOs or KNO3; 6*5 jug. B in the presence of 2,600 times the amount 
ofNaE. 

The reagent consists of a 0*005 per cent solution of Chromotrope 2B 
in concentrated sulphuric acid. 


'\8. Mamiitol-Bromothymol Blue Test. — Boric acid acts as a 
very weak monobasic aid {Ka ^ 5*8 X but upon the additions 

of certain organic poly-hydroxy compounds, such as mannitol (mannite), 
glycerol, dextrose or invert sugar, it is transformed into a relatively 
strong acid, probably of the type: 



— C— 0\ 

OH + 2H,0 


* Alternative names are: p-nitrobena^ne-azo-l : 8-dihydroxynaphthalene- 
3 ; 6-disiilphomc acid and “Chromotrope 2B” (the latter is the sodium salt). 
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The pH of the solution therefore decreases. Hence if the solution is 
initially almost neutral to, say, bromothymol blue (green), then upon 
the addition of mannitol the colour becomes yellow. It is advisable 
when testing for minute quantities of borates to recrystallise the man- 
nitol from a solution neutralised to bromothymol blue, wash with pure 
acetone and dry at 100®. The reagent (a 10 per cent aqueous solution 
of mannitoiy may also be neutralised with O-OliV' potassium hydroxide 
solution, using bromothymol blue (a 0-04 per cent solution in 96 per 
cent ethyl alcohol) as indicator. Only periodate interferes with the 
test: it can be decomposed by heating on charcoal. 

Bender the test solution almost neutral to bromothymol blue by 
treating it with dilute acid or alkali (as necessary) until the indicator 
turns green. Place a few drops of the test solution in a micro test-tube, 
and add a few drops of the reagent solution. A yellow coloration is 
obtained in the presence of a borate. It is advisable to carry out a 
blank test with distilled water simultaneously. 

Sensitivity: O’OOl fxg. B. Concentration limit: 1 in 30,000,000. 

IV, 24. REACTIONS OF SULPHATES, 804 “ 

Solubility.— The sulphates of barium, strontium and lead are practically 
insoluble in water, ♦ those of calcium and mercuric mercury are slightly soluble, 
and most of the remaining metallic sulphates are soluble. Some basic sul- 
phates, such as those of mercury, bismuth and chromium, are also insoluble 
in water, but these dissolve in dilute hydrochloric or nitric acid. 

Sulphuric acid is a colourless, oily and hygroscopic liquid, of specific gravity 
1*838. The pure, commercial, concentrated acid is a constant boiling point 
mixture, boiling point 338® and containing ca, 98 per cent of acid. It is 
miscible with water in aE proportions with the evolution of considerable heat ; 
on mixing the two, the acid should always be poured in a thin stream into the 
water (if the water is poured into the heavier acid, steam may be suddenly 
generated which will carry with it some of the acid and may therefore cause 
considerable damage). 

Use sodium sulphate, Na 2 SO 4 ,lOH 0 O. 

1. Barium Chloride Solution: white precipitate of barium 
sulphate BaS 04 {see under Barium, Section III, 29), insoluble 
in warm dilute hydrochloric acid and in dilute nitric acid, but 
moderately soluble in boiling, concentrated hydrochloric acid. 
The test is usually carried out by adding the reagent to the 
solution acidified with dilute hydrochloric acid; carbonates, 
sulphites and phosphates are not precipitated under these 
conditions. Concentrated hydrochloric acid or concentrated 
nitric acid should not be used, as a precipitate of barium 
chloride or of barium nitrate may form ; these dissolve, how- 
ever, upon dilution with water. The barium sulphate precipi- 
tate may be filtered from the hot solution and fused on charcoal 
with sodium carbonate, when sodium sulphide will be formed. 
The latter may be extracted with water, and the extract filtered 
into a freshly prepared solution of sodium nitroprasside, when 

* Of these three sulphates, that of stroptixim is the most soluble. 
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a transient, purple coloration is obtained (see under Snlphides, 
Section IV, 6, reaction 5). An alternative method is to add a 
few drops of very dilute hydrochloric acid to the fused mass, 
and to cover the latter with lead acetate paper ; a black stain 
of lead sulphide is produced on the paper. The so-called 
Hepar reaction, which is less sensitive than the above two 
tests, consists in placing the fusion product on a silver coin 
and moistening with a little water; a brownish-black stain of 
silver sulphide results, 

Na2S04 + BaCIg = BaS04 + 2NaCl; 

BaS 04 + NagCOs + 4C == NasS + BaCOs + 4CO; 

2Na2S + 4Ag + O2 -f-.2H20 == 2Ag2S + 4NaOH ■ 

A more efficient method for decomposing most sulphur compounds 
consists in heating them with sodium or potassium, and then testing 
the solution of the product for sulphide. The test is rendered sensi- 
tive by heating the substance with potassium in an ignition tube, 
dissolving the melt in water, and testing for sulphide by the nitro- 
prusside or methylene blue reactions (see under Sulphides, Section 
IV, 6, reactions 6 and 7). 

The reader is warned that the above tests (depending upon 
the formation of a sulphide) are not exclusive to sulphates but 
are given by most sulphur compounds. If, however, the 
barium sulphate precipitated in the presence of hydrochloric 
acid is employed, then the reaction may be employed as a 
confirmatory test for sulphates. 

2. Lead Acetate Solution: white precipitate of lead sul- 
phate PbS04, soluble in hot concentrated sulphuric acid, in 
solutions of ammonium acetate and of ammonium tartrate (see 
under Lead, Section III, 2, reaction 3), and in sodium hydi'oxide 
solution. In the last case sodium plumbite is formed, and on 
acidification with hydrochloric acid, the lead crystallises out as 
the chloride. If any of the aqueous solutions of the precipitate 
are acidified with acetic acid and potassium chromate solution 
added, yellow lead chromate is precipitated (see under Lead, 
he. cit.), 

Pb(C2H302}2 + Na 2 S 04 = PbS 04 + 2Na.C2H302 

3. Silver Nitrate Solution: white, crystalline precipitate 
of silver sulphate Ag2S04 (solubility 5-8 grams per litre at 18®) 
from concentrated solutions. 

Na 2 S 04 -f 2AgN03 .== Ag2S04 + 2 NaN 03 

t in Sodium Rhodizonate Test. — Barium salts yield a reddish-brown 
precipitate with sodium rhodizonate (see under Barium, Section III, 29, 
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reaction 7). SnlpHates and sulphuric acid cause inunediat© decolorisa- 
tion because of the formation of insoluble barium sulphate. This test 
is specific for sulphates. 

Place a drop of barium chloride solution upon filter or drop reaction 
paper, followed by a drop of a freshly prepared 0*1 per cent aqueous 
solution of sodium rhodizonate. Treat the reddish-brown spot with a 
drop of the acid or alkaline test solution. The coloured spot disappears. 

Sensitivity: 4 /xg. SO 4 . Concentration limit: 1 in 10,000. 

f 5. Potassium Permanganate-Barium Sulphate Test. — If 
barium sulphate is precipitated in a solution containing potassium per- 
manganate, it is coloured pink (violet) by adsorption of some of the 
permanganate. The permanganate which has been adsorbed on the 
precipitate cannot be reduced by the common reducing agents (including 
hydrogen peroxide); the excess of potassium permanganate in the 
mother liquor reacts readily with reducing agents, thus rendering the 
pink barium sulphate clearly visible in the colourless solution. 

Place 3 drops of the test solution in a semimicro centrifuge tube, add 
2 drops of 1 per cent potassium permanganate solution and 1 drop of 
1 per cent barium chloride solution. A pink precipitate is obtained. 
Add a few drops of 3 per cent hydrogen peroxide solution or N oxalic 
acid solution (in the latter case it will be necessary to warm on a water 
bath xmtil decolourisation is complete). Centrifuge: the coloured pre- 
cipitate is clearly visible. 

Sensitivity: 2*5 ftg. SO 4 . Concentration limit: 1 in 20,000. 

6. Mercuric Nitrate Solution: yellow precipitate of the 
basic sulphate, SHgO.SOs. This is a sensitive test, and is 
given by barium and lead sulphates. 

IV, 25. REACTIONS OF PERSULPHATES, S208““^ 

Solubility. — ^The best-known persnlphates, those of sodium, potassium, 
ammonium and barium, are soluble in water, the potassium salt being the 
least soluble (17*7 grains per litre at 0°). 

Use ammonium persulphate, (^114)28208. 

1 , Water. — ^All persulphates are decomposed on boiling with 
water into the sulphate, free sulphuric acid and oxygen. The 
oxygen contains appreciable quantities of ozone, which may be 
detected by its odour or by its property of turning starch- 
iodide paper blue. A similar result is obtained with dilute 
sulphuric or nitric acid. With dilute hydrochloric acid, 
chlorine is evolved (see reaction 4 below). By dissolving the 
solid persulphate in concentrated sulphuric acid at 0®, permono- 
sulphuric acid (Caro’s acid) H2SO5 is formed in solution; this 
possesses strong oxidising properties. 

2(NH4)2S208 + 2H2O = 2(NH4)2S04 + 2H2SO4 + O2 
Og + 2KI + HgO =12 + 02 + 2KOH 
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2, Silver, Nitrate Solationr black precipitated, of /silver, 
peroxide Ag202 from concentrated solutions. If only a little 
silver nitrate solution be added and then dilute ammonia 
solution, the silver peroxide, or the silver ion, acts catalytically 
leading to the evolution of nitrogen and the liberation of 
considerable heat. 

(NH^laSgOs + '2AgN03 + 2H2O = AggOg +.2NH4HSO4 + 2HNO3 

8NH3 + 3 (NH 4 ) 2 S 208 (+Ag) = N2 + 6 {NH 4 ) 2 S 04 (+Ag) 

5 , Bariuin Chloride Solution: no immediate precipitate 
in the cold with a solution of a pure persulphate; on standing 
for some time or on boiling, a precipitate of barium sulphate 
is obtained, due to the decomposition of the persulphate. 

4 . Potassium Iodide Solution: iodine is liberated 

in the cold and rapidly on warming (test with starch solution) 
(distinction from perborate and percarbonate, which liberate 
iodine immediately). Ferrous sulphate solution is oxidised to 
ferric sulphate. 

(NH4)2S208 + 2 KI I2 + (NH4)2S04 + K2SO4 

5. Manganous Sulphate Solution: brown precipitate, 
Mn02,H20 or H2Mn03, in neutral or preferably alkaline 
(sodium hydroxide) solution. In nitric acid solution and in 
the presence of a little silver nitrate (which acts catalytically, 
see reaction 2 above), permanganic acid is formed on warming. 

MnS04 ’t' (^114)2^2^^8 “f" 3H2O 

== H 2 Mn 03 + (NH4}2S04 + 2 H 2 SO 4 ; 

2 MnS 04 + 5H2S2O8 + SH2O 2HMn04 + I2H2SO4 

6. Potassium Permanganate Solution: unaffected (dis- 
tinction from hydrogen peroxide). Persulphates are unaffected 
by a solution of titanous sulphate. 

f7. Benzidine Acetate Test. — A neutral or a weakly acetic acid 
solution of a persulphate converts benzidine into a blue oxidation pro- 
duct. Alkali perborates, percarbonates and also hydrogen peroxide do 
not give the test. Chromates, ferricyanides, permanganates and hypo- 
halides react similarly to persulphates. 

Mix 1 drop of the test solution (neutral or faintly acid with acetic 
acid) with 1 drop of the benzidine acetate reagent. A blue coloration 
is produced. 

Sensitivity: 1 /x-g. SgOg . Concentration limit: 1 in 100,000. 

The reagent consists of a 2 per cent solution of benzidine in dilute 
acetic acid. 
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I IV, 26. REACTIONS OF SILICATES, SiOg"- 

I The silicic acids may be represented by the general formula a:SiO „ 2/HjO. 

i Salts corresponding to ortho-silicic acid 648x04 (SiOgjSHaO) meta-silicio acid 
I HgSiOg {>Si02,H2G) and di-silicic acid HgSia05(2Si02,H20) are definitely 
known. The meta-silicates are sometimes designated simply as silicates. 

I Solubiliiy»—Ovilj the silicates of the alkali metals are soluble in water; 

they are hydrolysed in aqueous solution and therefore react alkaline. 

I Use a solution of water glass; this contains, largely, sodium 

meta-sUicate NagSiOg. 

1. Dilute Hydrochloric Acid. — ^Add dilute hydrochloric 
acid to the solution of the silicate ; a gelatinous precipitate of 
meta-silicic acid is obtained, particularly on boiling. The 
precipitate is insoluble in concentrated acids. The freshly 
precipitated substance is appreciably soluble in water and in 
dilute acids. It is converted by repeated evaporation with 
concentrated hydrochloric acid on the water bath into a white 
^ insoluble powder (silica SiOg). 

If a dilute solution (say, 1-10 per cent) of water glass is 
qtdckly added to moderately concentrated hydrochloric acid, 
no precipitation of silicic acid takes place; it remains in col- 
loidal solution (sol). 

NagSiOg -f 2Ha = HgSiOg -+■ 2NaCl 
2. Ammonium Chloride or Ammonium Carbonate 
Solution: gelatinous precipitate of silicic acid. This reaction 
I? is important in routine qualitative analysis since silicates, 
' unless previously removed, will be precipitated by ammonium 
i chloride solution in Group IIIA. 

I NagSiOg -f 2NH4GI = HgSiOg -f 2NaCl + 2NH3 

^ NagSiOg + (NH4)2 COs = HgSiOg -f NagCOg + 2NH3 

The reaction is essentially: 

SiOj"" 4- 2NH4 + HjSiOj + 2NH3 
Basej Acid, Acidj Base^ 

The NH4+ ion functions as an acid. 

^ 3. Silver Nitrate Solution: yellow precipitate of silver 

siHcate AggSiOg, soluble in dilute acids and in dilute ammonia 
solution. 

5 NagSiOg + 2 AgN 03 = AggSiOg -f 2 NaN 03 

4. Barium Chloride Solution; white precipitate of barium 
silicate BaSiOg, soluble in dilute nitric acid. Calcium chloride 
solution gives a similar precipitate of calcium silicate. 

I NagSiOg -f BaCIg = BaSiOg -f 2NaCl 
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5 . Microcosmic Salt Bead Test.— Most silicates, and 
also silica, when fused in a bead of microcosmic salt, 
Na(NH4)HP04,4H20, in a loop of platinum wire give this 
test. The microcosmic salt first fuses to a transparent bead 
consisting largely of sodium meta-phosphate (see Section II, 1, 
reaction d); when a minute quantity of the solid silicate or 
even of the solution is introduced into the bead (best by dip- 
ping the hot bead into the substance) and the whole again 
heated, the silica produced will not dissolve in the bead, but 
will swim about in the fused mass, and is visible as white 
opaque masses or “skeletons” in both the fused and the cold 
bead. 

CaSiOs -t- NaPOs = CaNaP04 -f- SiOa 

Insoluble silicates are best brought into solution by fusing the powdered 
solid, mixed with 6 times its weight of fusion mixture, in a platinum crucible* 
or upon platinum foil; the alkali carbonates react with the silicate yielding 
an aUcali silicate. The cold mass is then evaporated to dryness on the water 
bath with excess of dilute hydrochloric acid; the alkali silicate is thereby 
first decomposed yielding gelatinous silicic acid and ultimately into white, 
amorphous silica, whilst the metallic oxides derived from the insoluble silicate 
are converted into chlorides. The residue is extracted with boiling dilute 
hydrochloric acid; this removes the metals as chlorides and insolubie silica 
remains behind. A simpler, but not quantitative, method is to extract the 
fusion mixture melt with boiling water: sufficient sodium or pottissium silicate 
passes into solution to give any of the reactions referred to above. 

6 . Silicon Tetrafluoride Test.— This test depends upon 
the fact that when silica (isolated from a silicate by treatment 
with ammonium chloride solution or with hydrochloric acid, 
etc.) is heated with defect of calcium fluoride and some con- 
centrated sulphuric acid, silicon tetrafluoride is evolved. The 
latter is identified by its action upon a drop of water lield in a 
loop of platinum wire, when a turbidity (due to silicic acid) is 
produced. 

SiOs + 2CaF2 + 2H2SO4 = 2CaS04 + SiF4 f + 2H2O; 

3SiF4 + = H 4 Si 04 + ^H^ESiPe] 

Excess of calcium fluoride should be avoided since a mixture 
of HF and SiP4 will be formed and interfere with the test. 

Mix the solid substance (or, preferably, silicic acid isolated 
by treatment of the silicate with ammonium chloride solution) 
with one-third of its weight of calcium fluoride in a small lead 
(or platinum) capsule, and add sufficient concentrated sulphuric 
acid to form a thin paste : mix the contents of the capsule with 
a stout platinum wire. Warm gently [FUME CUPBOARD] 

* A nickel or iron crucible should be used if metals of Group I or II are 
likely to be present. 
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md hold close above the mixture a loop of platinum wire 
supporting a drop of water. The drop of water will become 
turbid, due to the hydrolysis of the silicon tetrafluoride 
absorbed. 

^ /-f 7'.; Ammonium Molybdate-Benzidine Test.— Silicates react 
with molybdates in acid solution to form the complex silico-moiybdic 
acid H 4 [SiMoi 2 ^^ 4 o]» which the ammonium salt, unlike the analogous 
phosphoric acid and arsenic acid compounds, is soluble in water and 
acids to give a yellow solution. The test depends upon the reaction 
between silico-moiybdic acid and benzidine in acetic acid solution 
whereby “molybdenum blue” and a blue quinonoid oxidation com- 
pound of benzidine are produced. 

Place a drop of the test solution and of the molybdate reagent upon 
drop reaction paper, and warm gently over a wire gauze. Add a drop 
of the benzidine reagent and hold the paper over ammonia vapour. A 
blue coloration restilts. 

Sensitivity: 1 fig. SiOg- Concentration limit: 1 in 50,000. 

A better method for conducting the test is the following. Place a 
drop of the slightly acid test solution (the acidity should not exceed 
0*5N) in a small porcelain crucible of good quality, and add a drop of 
the molybdate reagent. Warm cautiously over a wire gauze (or upon a 
sheet of asbestos resting upon a hot plate) until bubbles escape. Cool, 
add a drop of the benzidine reagent followed by a drop of saturated 
sodium acetate solution. A blue colour is obtained. It is essential to 
carry out a blank test with a drop of water and a drop of the molybdate 
reagent in another crucible of similar qiaality. 

Sensitivity: 0*1 fig. Si02. Concentration limit: 1 in 500,000. 

Phosphoric and arsenic acids form compounds analogous to silico- 
moiybdic acid which also react with benzidine with colour formation 
hence these acids should be removed before applying the test. In the 
presence of phosphoric acid, the test is carried out as follows. Mix 
a drop of the test solution with 2 drops of the molybdate reagent in a 
micro centrifuge tube and centrifuge the mixture. Transfer the super- 
natant liquid to a micro-crucible by means of a capillary tube, warm 
gently, cool and add 2 drops of 1 per cent oxalic acid solution (the 
latter decomposes the small quantity of residual phosphomolybdate 
(NH 4 ) 3 [PMoi 204 o] but has little action on the silico-moiybdic acid 
complex), then introduce a drop of the benzidine reagent and 2-3 drops 
of saturated sodium acetate solution., A blue colour forms. 

Sensitivity : 6 fig. SiOg in the presence of 250 times the amount of P^O g. 
Concentration limit: 1 in 8,000. 

The ammonium molybdate reagent is prepared by dissolving 5 
grams of ammonium molybdate in 100 nol. of cold water and pouring 
into 35 ml. of nitric acid (sp. gr. 1*2). 

The benzidine reagent is made by dissolving 0-05 gram of benzidine 
or its hydrochloride in 10 ml. of glacial acetic acid and diluting with 
water to 100 ml. 

t^. Ammonium Molybdate-Stannous Chloride Test. — The 
silicate is separated by volatilisation as silicon tetrafluoride and the 
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latter ooliected in a little sodium hydroxide solution. The resulting 
silicate is treated with ammonium molybdate solution and the ammo- 
nium salt of silicomolybdio acid H 4 [SiMoi 3504 o] is reduced by stannous 
chloride solution to “molybdenum blue.’’ Stannous chloride does not 
reduce ammonium molybdate solution. 

Phosphates and arsenates give the same reaction, but do not interfere 
under the conditions of the test; large amounts of borates should be 
absent, but may be removed by warming with methyl alcohol and 
sulphuric acid. 

Place a little of the solid silicate in a small lead or platinum crucible, 
add a little sodium fluoride and a few drops of concentrated sulphuric 
acid. Cover the crucible with a small sheet of cellophane from which is 
suspended a drop of 2N sodium hydroxide solution (freshly prepared 
from the A.B. solid). Warm gently for 3~5 minutes over a micro burner 
with the crucible about 8 cm, from the flame. Transfer the drop of 
sodium hydroxide solution to a naicro porcelain crucible, add 2 drops 
of a freshly prepared 10 per cent aqueous solution of ammonium molyb- 
date and then iN acetic acid until feebly acidic. Then add a few drops 
of a 5 per cent solution of stannous chloride in SN hydrochloric acid, 
followed by sufficient sodium hydroxide solution to dissolve the stannous 
hydroxide. A blue coloration is obtained. 

Concentration limit: 1 in 10,000. 

The reaction may be applied to aqueous solutions of silicates, but 
phosphates and arsenates must be absent. 

IV, 27. REACTIONS OF SILIGOFLUORIDES 
(FLUOSILICATES), [SiF 6 ]““”“ 

Solubility , — ^Most metallic silicofluorides, with the exception of the barium 
and potassium salts which are sparingly soluble, are soluble in water. A 
solution of the acid (hydrofluosHicic acid HgiSiPJ) is one of the products of 
the action of water upon silicon tetrafluoride, and is also formed by dissolving 
silica in hydrofluoric acid. 

SiOa + 6HP = Ha[SiF«] -f 2 H 2 O 

Use sodium silicofluoride or ammonium silicofluoride. 

L Concentrated Sulphuric Acid; silicon fluoride and 
hydrogen fluoride are evolTed on warming the reagent with 
the solid salt. If the reaction is carried out in a platiaum or 
lead capsule or crucible, the escaping gas will etch glass and 
will cause a drop of water to become turbid (see under Silicates, 
Section IV, 26, reaction 6 ), 

NagESiFe] + H 2 SO 4 = SiF 4 + 2 HF + Na 2 S 04 

2. Barium Chloride Solution: white, crystalline precipi- 
tate of barium silicofluoride BaESiFg], sparingly soluble in water 
(0*25 gram per litre at 25^) and insoluble in dilute hydrochloric 
acid. The precipitate is distinguished from barium sulphate 
by the evolution of hydrogen fluoride and silicon fluoride, 
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which etch glass, on heating with concentrated sulphuric acid 
in a lead crucible. 

NasESiFfi] + BaCla = Ba[SiF8l + 2NaCl 

3. Potassium Chloride Solution: white, gelatinous pre- 
cipitate of potassium sdicofiuoride KaESiPg] from concentrated 
solutions. The precipitate is slightly soluble in water (1-77 
grams per litre at 25°), less soluble in excess of the reagent and 
in 50 per cent alcohol. 

4. Ammonia Solution: decomposition occurs with the 
separation of gelatinous silicic acid. 

NaaESiFel + 4im3 -f SHgO = HgSiOs -f 2NaP -f 4NH4F 

5. Action of Heat: decomposition occms into silicon tetra- 
fluoride, which renders a drop of water turbid, and the metallic 
fluoride, which can be tested for in the usual manner (see 
under Fluorides, Section IV, 17). 

NaaESiFg] = SiF4 -j- 2NaF 

IV, 28. REACTIONS OF ORTHOPHOSPHATES, 

PO 4 — 

Three phosphoric acids are known: ortho-H8P04, pyTO-H4P207 and meta- 
phosphorio acid HPOj. Salts of the three acids exist; the orthophosphates 
are the most stable and incidentally the most important* ; solutions of pyro- 
and meta-phosphates pass into orthophosphates slowly at the ordinary tem- 
perature, and more rapidly on boiling* Metaphosphates, unless prepared by 
special methods, are usually polymeric, i.e. are derived from (HPOg)^, 

Orthophosphoric acid is a tribasic acid giving rise to three series of salts: 
primary orthophosphates, e.g. NaH2P04; secondary orthophosphates, e,g. 
NajHPO^; and tertiary orthophosphates, e.g, Ha8P04. If a solution of 
orthophosphoric acid is neutralised with sodium hydroxide solution using 
methyl orange as indicator, the neutral point is reached when the acid is 
converted into the primary phosphate (I equivalent of alkali); with phenol 
phthalein as indicator, the solution will react neutral when the secondary 
phosphate is formed (2 equivalents of alkali); with 3 equivalents of alkali, 
the tertiary or normal phosphate is formed. lSraH2P04 is neutral to methyl 
orange and acid to phenol phthalein, NajHPO^ is neutral to phenol phthalein 
and alkaline to methyl orange, Na3P04 is alkaline to most indicators because of 
its extended hydrolysis. Ordinary ‘ ‘ sodium phosphate ” is disodium hydrogen 
phosphate, 3Sra2HP04,12H20. 

Solubility, — ^The phosphates of the alkali metals, with the exception of 
lithium, and of ammonium are soluble in water; the primary phosphates 
of the alkaline earth metals are also soluble. AH the phosphates of the other 
metals, and also the secondary and tertiary phosphate of the alkaline earth 
metals, are sparingly soluble or insoluble in water. 

Use disodium hydrogen phosphate, Ha2HP04,12H20. 

1, Silver Nitrate Solution: yellow precipitate of norma] 
silver orthophosphate Ag3P04 (distinction from meta- and 

• Tbese are often referred to simply as phosphates. 
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pyro-phosphate), soluble in dilute ammonia solution and in 
dilute nitric acid. 

+ SAgNOs = Ag 3 P 04 + 2 NaN 03 + HNO3 ; 

Na 2 HP 04 + HNO3 = NaH 2 P 04 +NaN 03 ; 

SAgNOa = Ag 3 P 04 + SNaNOs + NaHgPO^ 

2 : Barium Chloride Solution: white, ainorplious precipi* 
tate of secondary barium phosphate BaHP04 from neutral 
solutions, soluble in dilute mineral acids and in acetic acid. 
In the presence of dilute ammonia solution, the less soluble 
tertiary phosphate Ba3(P04)2 is precipitated* 

BaClg + Na2HP04 = BaHP04 + 2 NaCi 

2Na2HP04 + 3BaCi2 + 2NH3 -= Ba3(P04)2 + 4 NaCl + 2NH4Ci 

3 . Magnesium Nitrate Reagent or Magnesia Mixture. 
— ^The former is a solution containing Mg(N()3)2, NH4NO3 and 
a little aqueous NH3, and the latter is a solution containing 
MgCl2j NH4CI and a little aqueous NH3 : the magnesium nitrate 
reagent is generally preferred since it may be employed in any 
subsequent test with silver nitrate solution. With either re- 
agent a white crystalline precipitate of magnesium ammonium 
phosphate Mg(NH4)P04,6H20 is produced: this precipitate is 
soluble in acetic acid and in mineral acids, but practically 
insoluble in 2*5 per cent ammonia solution (see under Mag- 
nesium, Section III, 33, reaction 5 ; also under Arsenic, Section 
III, 12, reaction 5 ). 

Na2HP04 + Mg(N03)2 + NH3 = Mg(NH4)P04 + 2NaN03 

Arsenates give a similar precipitate {Mg(NH4)As04,6H20} with 
either reagent. They are most simply distinguished from one 
another by treating the washed precipitate with silver nitrate 
solution containing a few drops of dilute acetic acid : the phosphate 
turns yellow (Ag3P^04), whilst the arsenate assumes a brownish-red 
colour (Ag3As04). 

4 . Ammonium Molybdate Reagent. — ^The addition of a 
large excess ( 2-3 ml.) of this reagent to a small volume ( 0*5 mL) 
of a phosphate solution produces a yellow crystalline precipi- 
tate of ammonium phosphomolybdate, to which the formula 
(NH4)3P04,i2Mo03 was formerly assigned. The correct 
formuia is (NH4)3[PMoi204o] or (NH4)3[PO4(Moi2036)]. The 
resulting solution should be strongly acid with nitric acid ; the 
latter is usually present in the reagent and addition is therefore 
unnecessary. Precipitation is accelerated by warming to a 
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temperature not exceeding 40"", and by the addition of ammo- 
nium nitrate solution. 

The precipitate is soluble in ammonia solution and in solutions of 
caustic alkalis. Large quantities of hydrochloric acid interfere with 
the test and should preferably be removed by evaporation to a small 
volume with excess of concentrated nitric acid. Reducing agents, such 
as sulphides, sulphites, ferrocyanides and tartrates, seriously affect the 
reaction, and should be destroyed before carrying out the test. 

Arsenates give a similar reaction on boiling (see under 
Arsenic, Section III, 12, reaction 4). Both ammonium phos- 
phomolybdate and ammonium arsenomolybdate dissolve on 
boiling with ammonium acetate solution, but only the latter 
yields a white precipitate on cooling. 

]Sra2HP04+12(NH^)2Mo04 + 23HNO3 

= (NH4)3[PMoi204o] + 2NaN03 + 2INH4NO3 + 12H2O 

Note, Commercial ammonium molybdate has the formula {N'H4)eMo7024,- 
4H2O (a paramoiybdate) and not (NH4)2Mo04; the latter formula is employed 
in the equations for purposes of simplicity, and may exist under the experi- 
mental conditions of the reaction. 

5. Ferric Chloride Solution: yellowish-white precipitate 
of ferric phosphate FeP04, soluble in dilute mineral acids, but 
insoluble in dilute acetic acid. 

Na2HP04 + FeClg ^ FeP04 + 2NaCl + HOI 

Precipitation is incomplete owing to the free mineral acid produced. If the 
hydrogen ions, arising from the complete ionisation of the mineral acid, are 
removed by the addition of the salt of a weak acid, such as ammonium or 
sodium acetate which give rise to the feebly dissociated acetic acid, then 
precipitation is almost complete. The presence of a large excess of sodium or 
ammonium acetate reduces the ionisation of the acetic acid still further as a 
result of the common ion effect (Section I, 14). This is the basis of one of the 
methods for the removal of phosphates, which interfere with the precipitation 
of Group IIIA metals, in qualitative analysis. 

d. Zirconyl Nitrate Reagent.— When the reagent is added 
to a solution of a phosphate containing hydrochloric acid not 
exceeding N in concentration, a white gelatinous precipitate of 
zirconyl phosphate Zr0(H2P04)2 or Zr0(HP04) is obtained. 
This reaction forms the basis of a simple method for the 
removal of phosphate prior to the precipitation of Group IIIA 
(compare Section VII, 7, Table II). 

Zr 0 {N 03)2 + 2 Na 2 HP 04 + 2Ha 

Zr0(H2P04)2 + 2NaCl + 2NaN03 
or Zr0(N03)2 + Na2HP04 = Zr0(HP04) + 2NaN03 

7. Cobalt Nitrate Test.— Phosphates when heated on 
charcoal and then moistened with a few drops of cobalt nitrate 
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solution, give a blue mass of the phosphate NaCoP 04 . This 
must not be confused with the blue mass produced with 
aluminium compounds (see Section in, 21). 

NaPOg + CoO = Na 0 oP 04 

8, Magnesium. — ^The only simple method for reducing the 
stable phosphates consists in heating with magnesium powder, 
whereby a phosphide is produced. The latter is readily 
identified by the odour and the inflammability of the phos- 
phine formed on the addition of water. Intimately mix a 
small quantity of sodium phosphate with magnesium powder 
and heat in an ignition tube. Moisten the cold mass with 
water and observe the unpleasant odour of phosphine. 

Na 3 P 04 + 4Mg = 4MgO + Na^P; 

NasP + 3 H 2 O == PH 3 + 3NaOH 

Ammonium Molybdate-Benzidine Test. — In this test use is 
made of the fact that benzidine, which is unaSected by normal molyb- 
dates and by free molybdic acid, is oxidised in acetic acid solution by 
phosphomolybdic acid or by its insoluble ammonium salt (see reaction 4 
above). This reaction is extremely sensitive ; two coloured products are 
formed, viz. the blue reduction product of molybdenum compounds 
(“molybdenum blue”) and the blue oxidation product of benzidine 
(“benzidine blue”). Moreover, solutions of phosphates which are too 
dilute to show a visible precipitate with the ammonium molybdate 
reagent will react with the molybdate reagent and benzidine to give a 
blue coloration. 

Arsenates and silicates with ammonium molybdate yield the ammo- 
nium salts of arseno -molybdic {H3[AsMoi204o]} and silico -molybdic 
{H4[SiMoi204o]} acids respectively; these complex acids and their salts 
react similarly with benzidine. However, phosphates may be detected 
in the presence of arsenates and silicates by preventing the formation 
of the corresponding molybdo-acids by the use of a tartaric acid- 
ammonium molybdate reagent which does not react with arsenic and 
silicic acids but does react with phosphoric acid when the reaction is 
carried out on filter paper. 

Hydrogen peroxide, oxalates and fluoride interfere with the precipi- 
tation of the phosphomolybdate and should therefore be absent. 

Place a drop of the acid solution under test upon quantitative filter 
paper, add a drop of the molybdate reagent, followed by a drop of the 
benzidine reagent. Hold the paper over ammonia vapour. A blue 
stain is formed when most of the mineral acid has been neutralised. 

Sensitivity: 1 - 25 /ig. P2O5. Concentration limit; I in 40 , 000 . 

The ammonium molybdate and the benzidine reagent are prepared 
as described under Silicates, Section IV, 26 , reaction 7 . 

In the presence of silicates and/or arsenates, proceed as follows. 
Place a drop of the test solution upon quantitative filter paper, followed 
by a drop of the tartaric acid-ammonium molybdate reagent. Hold 
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the paper over a hot wire gauze (or over a sheet of asbestos heated on 
a hot plate) to accelerate the reaction. Then add a drop of the benzidine 
reagent and develop over ammonia vapour. A blue coloration results. 

Sensitivity : 1*5 /xg. P2O5 in the presence of 500 times the amount of 
SiOa. Concentration limit: 1 in 50,000. 

The tartaric acid-ammonium molybdate reagent is prepared by' 
dissolving 15 grams of crystallised tartaric acid in 100 ml. of the 
ammonium molybdate reagent referred to above. 

Ammonium Molybdate -Owi^iine Sulphate Reagent, — 
Phosphates give a yellow precipitate with this reagent: the exact 
composition appears to be -unknown. 

Reducing agents (sulphides, thiosulphates, etc.) interfere since they 
yield ‘‘molybdenum blue”; ferrocyanides give a red coloration. 
Arsenates (warming is usually required), arsenites, chromates, oxalates, 
tartrates and silicates give a similar reaction with some variation in the 
colour of the precipitate. All should be removed before applying the 
test. 

Place 1 ml. of the test solution in a semimicro test-tube and add 1 ml, 
of the reagent. A yellow precipitate is produced within a few minutes: 
gentle warming (water bath) is sometimes necessary. 

Concentration limit: 1 in 20,000. 

The reagent is prepared by dissolving 4*0 grams of finely powdered 
ammonium molybdate { (NH4 )qMo 7024,4 :HjO} in 20 ml. of water and 
adding, with stirring, a solution of 0*1 gram of quinine sulphate in 
80 ml. of concentrated nitric acid. 

IV, 29. REACTIONS OF PYROPHOSPHATES, P 2 O 7 — ^ 
AND OF METAPHOSPHATES, POf 

Sodium pyrophosphate is prepared by heating disodium hydrogen 
phosphate: 

2 ISra 2 jE[P 04 “ Ma4p207 ”4" 

This is the normal salt. Acid salts, e,g» NaaHgPgO^, are known. 

Sodium metaphosphate (polymeric) may be prepared by heating 
microcosmic salt or sodium dihydrogen phosphate: 

Na(NH4)HP04 = HaPO^ + NH3 + 

HaH^PO* =^HaPOs + HP 

A number of metaphosphates are known and these may be regarded 
as derived from the polymeric acid (HPO^),,, i.e. poly-metaphosphoric 
acid. Galgon, used for water softening, is probably (NaPOg)® or 

PyrO" and meta-phosphates give the ammonium molybdate 
test on warming for some time; this is doubtless due to their 
initial conversion in solution into orthophosphates. The 
chief diflEerences between ortho-, pyro- and meta-phosphates 
are incorporated in the following table. The student should 
carry out all the tests. 
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Reactions of Ortho-, Pyro- and Meta -phosphates 


Eeag&nt 

Orthophosphate 

Pyrophosphate 

Metaphosphate 

L, Silver: 

Yellow ppt., sol- 

White ppt,, sol- 

White ppt. (sepa- 

nitrate 

uble in dilute 

uble in dilute 

rates slowly), 

solution. 

HNOa and in 

HNO 3 and in 

soluble in:diiute 


dilute NHs 

dilute NHg 

HNO®, in dilute 


solution. 

solution: 
sparingly sol- 
uble in dilute 
acetic acid. 

NHg solution 
and in , dilute, 
acetic acid. ■ 

2. Albumin 

No coagulation. 

No coagulation. 

Coagulation. 

and dilute 
acetic acid. 




3. Copper 
sulphate 

Pale blue ppt. 

Very pale blue 

ppt. 

No ppt. 

solution. 




4. Magnesia 

White ppt., in- 

White ppt., sol- 

No ppt., even on 

mixture or 

soluble in ex- 

uble in excess 

boiling. 


cess of the re- 

of reagent, but 

reagent. 

agent. 

reprecipitated 
on boiling. 


5, Cadmium 

No ppt. 

White ppt. 

No ppt. 

chloride 
solution 
and dilute 
acetic acid. 

6 . Zinc 

White ppt., sol- 

White ppt., in- 

White ppt. on 

sulphate 

uble in dilute 

soluble in dilute 

warming; sol- 

solution. 

acetic acid. 

acetic acid; sol- 
uble in dilute 
NHg solution, 
yieldingawhite 
ppt. on boiling. 

uble in dilute 
acetic acid. 


IV, 30. REACTIONS OF PHOSPHITES, HPOg"" 

Solubility . — ^The phosphites of the alkali metals are soluble in water; all 
other metric phosphites are insoluble in water. 

Use sodium phosphite, Na2HP03,6H20. 

1 . Silyer Nitrate Solution: white precipitate of silver 
phosphite Ag2HP03, which soon passes in the cold into black 
metallic silver. Warming is necessary with dilute solutions. 
Upon adding the reagent to a warm solution of a phosphite, a 
black precipitate of metallic silver is obtained immediately. 

NagHPOg + 2AgNOs = AgaHPOs + 2 NaN 03 ; 

AgjHPOs + HgO = 2Ag + H 3 PO 4 
2Na2HPOs + AgNOs = Ag + 2Na2HP04 + NO 

2 . Barium Chloride Solution: white precipitate of barium 
phosphite BaHPOg, soluble in dilute acids. 
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3. Mercuric Chloride Solution: white precipitate of 
calomel in the cold; on warming with excess of the phosphite 
solution, grey metallic mercury is produced. 

Na2HP03 + 2HgCl2 -t- H2O = H3PO4 + Hg2Cl2 + 2NaCl ; 

HgaCla + NagHPOa + H2O = H3PO4 + 2Hg + 2NaCl 

4. Potassium Permanganate Solution: no action in the 
cold with a solution acidified with acetic acid, but decolourised 
on warming. 

5. Concentrated Sulphuric Acid; no reaction in the cold 
with the solid salt, but on warming sulphur dioxide is evolved. 

H3PO3 + H2SO4 = SO2 + H3PO4 + H2O 

6. Zinc and Dilute Sulphuric Acid. — Phosphites are 
reduced by the nascent hydrogen to phosphine PH 3 , which 
may be identified as described in the Gutzeit test under 
Arsenic (Section IV, 13); the silver nitrate paper is stained 
first yellow and then black. 

H3PO3 -|- 3Zn 3H2SO4 ~ PH3 "t~ 3ZnS04 -f- 3H2O ; 

PH3 + 6AgNOs = Ag3P,3AgN03(yellow) 4- 3HNO3; 

AgjP.SAgNOg + 3H2O = 6Ag(black) + 3HNO3 + H3PO3 

7. Copper Sulphate Solution: light blue precipitate of 
copper phosphite CuHPOs ; the precipitate merely dissolves 
when it is boiled with acetic acid (compare Hypophosphites, 
Section IV, 31). 

CUSO4 + NaaHPOg = CUHPO3 + Na2S04 

8. Lead Acetate Solution: white precipitate, insoluble in 
acetic acid. 

NagHPOs + Pb(C2H302)2 == PbHPOs + 2NaC2H302 

9. Action of Heat; inflammable phosphine is evolved, and 
a mixture of phosphates is produced. 

SNagHPOs = 2PHs + 4Na8P04 + NaiPgOy + HgO 

IV, 31. REACTIONS OF HYPOPHOSPHITES, 

H 2 PO 2 " 

Solubility . — ^All hypophosphites are soluble m water. 

Use sodium hypophosphite, NaH 2 P 02 ,H 20 . 

1. Silver Nitrate Solution: white precipitate of silver 
hypophosphite AgH 2 P 02 , which is slowly reduced to silver at 
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the ordinary temperature, but more rapidly on warming, 
hydrogen being simultaneously evolved. 

NaHaPOa + A^Og = AgHgPOg + NaNOg; 

2 AgH 2 P 02 + 4H2O = 2 Ag + 2 HsP 04 + SHg 

2. Barium Chloride Solution: no precipitate. 

3 . Mercuric Chloride Solution: white precipitate of 
calomel in the cold, converted by warming into grey, raetallic 
mercury. 

NaHaPOa + fflgCla + SHgO 

= 2Hg2Cl2 + H3PO4 + 3HC1 + NaCl : 
NaHaPOz + 2HgCl2 + 2H2O = 2Hg + H3PO4 + 3Ha + NaCl 

4 . Copper Sulphate Solution: no precipitate in the cold, 
but on warming red cuprous hydride CuH is precipitated. 
The latter evolves hydrogen on treatment with concentrated 
hydrochloric acid. 

3H3PO2 + 4CUSO4 + 6H2O = 4CuH + 3H3PO4 + 4H2SO4; 
CuH + HCl = CuCl + Ha 

5 . Potassium Permanganate Solution: reduced imme- 
diately in the cold. 

6. Concentrated Sulphuric Acid: reduced to sulphxir 
dioxide (and to sulphur) by the solid salt, only on warming. 

7 . Concentrated Sodium Hydroxide Solution: hydrogen 
is evolved, and a phosphate is produced on warming. 

NaHaPOg -f 2NaOH = 2H2 -f Na3P04 

8 . Zinc and Dilute Sulphuric Acid: inflammable phos- 
phine is evolved (see under Phosphites, Section IV, 30, re- 
action 6 ). 

9 . Ammonium Molybdate Solution: reduced to “molyb- 
denum blue” in solution acidified with dilute sulphuric acid 
(difference from phosphite). 

10 . Action of Heat: phosphine is evolved, and a pyro- 
phosphate is produced. 

4NaH2P02 = NaiPjOT -f 2PH3 + HgO 

IV, 32. REACTIONS OF ARSENITES, AsOg AND 

OF ARSENATES, A 8 O 4 — 

See under Arsenic, Sections III, 11 and III, 12 . 
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IV, 33. REACTIONS OF CHROMATES, CrO." (AND 
^ Cr^O~) 

The metallic chromates are usually coloured solids, yielding yellow solutions 
when soluble in water. In the presence of dilute mineral acids, i,e, of hydrogen 
ions, chromates are converted into dichromates; the latter yield orange-red 
aqueous solutions. The change is reversed by alkalis, i.e, by hydroxyl ions. 

or 2 Cr 04 ”“ + 2H+-^ Cr^O^*^ + H^O 

K^CrA 4- 2K0H4= 

or CrA"’"” + 20H”^ 2 Cr 04 ~~ -f H^O 

The reactions may also be expressed: 

2 Cr 04 '"- 4- 2H+ ^ 2HCr04”’ ^ Cr^Or^ + H^O 

Solubility,— The chromates of the alkali metals and of calcium and mag- 
nesium are soluble in water; stTOnthun chromate is sparingly soluble. Most 
other metallic chromates are insoluble in water. Sodium, potassium and 
ammonium dicliromates are soluble hi water. 

Use potassium chromate, K2Cr04, or potassium dichromate, 
K^Cr^O^. 

1 , Barium Chloride Solution: pale yellow precipitate of 
barium chromate BaCr04, insoluble in water and in acetic 
acid, but soluble in dilute mineral acids (for explanation, see 
Section I, 17). 

K2Cr04 + BaCl2 = BaCr04 + 2KC1 

2 , Silver Nitrate Solution: brownish-red precipitate of 
silver chromate Ag2Cr04 with a solution of a chromate. The 
precipitate is soluble in dilute nitric acid and in ammonia 
solution, but is insoluble in acetic acid. Hydrochloric acid 
converts the precipitate into silver chloride (white). 

A reddish-brown precipitate of silver dichromate Ag2Cr207 
is formed with a concentrated solution of a dichromate; this 
passes, on boiling with water, into the less soluble silver 
chromate. 

K2Cr04 + 2AgN03 == Ag2Gr04 + 2 KNO 3 ; 

£2^^207 4“ 2AgN03 = Ag2Cr207 -f- 2ICSr03; 

2Ag2Cr207 -f- H2O == 2Ag2Cr04 -f- H2Cr207 

3 , Lead Acetate Solution: yellow precipitate of lead 
chromate PbCr04, insoluble in acetic acid, but soluble in dilute 
nitric acid. 

K2Cr04 + Pb(C2H302)2 == PbCr 04 + 2 K.C 2 H 3 O 2 
The precipitate is soluble in sodium hydroxide solution ; acetic 
acid reprecipitates the chromate from the latter solution. 

The solubility in sodium hydroxide solution is due to the forma- 
tion of the soluble complex salt, sodium plumbite Na2[Pb02], which 
reduces the Pb++ ion concentration to such an extent that the 

13 ^ 



394 QmliMivelmrganicAnalyais [IV, 

solubility product of lead chromate is no longer exceeded, and 
consequently the latter dissolves (compare Section I, 17). 

PbCrO^ + 4NaOH = NagLPbOa] + Na^Cr04: + 2H3O 
, ' I.' Hydrogen Peroxide. — If an acid solution of a chromate 
is treated with hydrogen peroxide, a deep-blue solution of the 
so-called acid is obtained (compare Chromium, 

Section HI, 22, reaction d). The blue solution is very unstable 
and soon decomposes, yielding oxygen and a green solution of 
a chromic salt. The blue compound is soluble in amyl alcohol 
and also in amyl acetate and in diethyl ether, and can be 
extracted from aqueous solutions by these solvents to yield 
somewhat more stable solutions. 

Amyl alcohol is recommended. Diethyl ether is not recommended 
for general student use owing to its highly inflammable character and 
also because it frequently contains peroxides after storage for com- 
paratively short periods: a blank test is therefore necessary. Peroxides 
may be removed from diethyl ether by shaking with a concentrated 
solution of a ferrous salt or with sodium sulphite. 

The blue coloration is attributed to the presence of chromic 
diperoxide CrOg : 

Il2^^2^7 “b ^ 2Cr05 -j- 51120 
The enhanced stability in solutions of amyl alcohol, ether, etc., 
is due to the formation of complexes with these oxygen- 
containing compounds. 

Just acidify a cold solution of a chromate with dilute sul- 
phuric acid or dilute nitric acid, add 1-2 ml. of amyl alcohol, 
then 1 ml. of 10- volume (3 per cent) hydrogen peroxide solution 
dropwise and with shaking after each addition: the organic 
layer is coloured blue. The chromic peroxide is more stable 
below O^C than at the laboratory temperature, 

5 . Hydrogen Sulphide. — An acid solution of a chromate 
is reduced by this reagent to a green solution of a chromic salt, 
accompanied by the separation of sulphur."^ 

2K2Cr04 + H 28 O 4 - K2Cr207 + K 2 SO 4 + H 2 O; 

-f SHgS + 4H2SO4 == 02(804)3 + 38 + K2SO4 + m^O 

* In qualitative analysis, the production of sulphur in the reduction of 
dichromates by hydrogen sulphide is sometimes troublesome. This can be 
avoided (a) by heating the solid substance with concentrated hydrochloric 
acid, evaporating off most of the acid and then diluting with water, or (6) by 
warming with hydrochloric acid and alcohol or 10 per cent formaldehyde 
solution. The use of sulphur dioxide is not recommended as sulphuric acid 
is formed, and this will precipitate lead, strontium and barium, if those metals 
are present, 

Kfirfi, -f 8HCi + 3H.CHO «= + 2Ka -f SH.COgH + 4 H,0 

KjCrjO, -f 8HCI + » 2Cra,, + 2KC1 + SCHj.CHO -f7H,0 
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6. Sulphur Dioxide: in the presence of dilute mineral acid, 
a green chromic salt is produced. 

K2Cr207 + 3H2SO3 + H2SO4 = Cr2(S04)3 + K2SO4 + 4H2O 

K2Cr207 + 3H2SO3 + 8 HC 1 = 2 GrCl 8 + 2 KC 1 +3H2SO4 H-iHaO 

Chromates in acid solution, or dichromates, are similarly 
reduced to green chromic salts by potassium iodide, ferrous 
sulphate and ethyl alcohol. 

K2Cr207 + 6KI + 7H2SO4 = (>2(804)3 + 3I2 + 4K2SO4 + 7H2O 

K2O2O7 + 6FeS04 + 7H2SO4 

= CraCSOJg + K 2 SO 4 + 3Fe2(S04)3 + 7 H 2 O 

£20207 + 3C2H5. OH + 4H2SO4 

= 02(804)3 + K2SO4 + 7H2O + 3CH3.CHO (acetaldehyde) 

7. Concentrated Hydrochloric Acid. — On heating a solid 
chromate or dichromate with concentrated hydrochloric acid, 
chlorine is evolved, and a solution of chromic chloride is 
produced. 

£201207 + 14HC1 = 2£C1 + 2Cra3 + 3012 + 7H2O 

8. Concentrated Sulphuric Acid and a Chloride.— See 
chromyl chloride test under Chlorides, Section IV, 14, re- 
action 5; also Section IV, 45, 5. 

9. Diphenylcarbazide Reagent. — ^The solution is acidified 
with dilute sulphuric acid or with dilute acetic acid, and 1-2 ml. 
of the reagent added. A deep red coloration is produced. 
With small quantities of chromates, the solution is coloured 
violet. 

Full details of the use of the reagent as a spot test are given 
under Chromium, Section III, 22, reaction 7. 

10. Chromotropic Acid Test. — ^A red coloration, best seen 
by transmitted light, is given by chromates. For details, see 
under Chromium, Section III, 22, reaction 8. 

IV, 34. REACTIONS OF PERMANGANATES MnOi” 

Solubility . — All permanganatas aro soluble ia wateF forming purple (reddish- 
violet) solutions. 

Use potassium permanganate, KMn 04 . 

L Hydrogen Peroxide, — ^The addition of this reagent to 
a solution of potassium, permanganate^ acidified with dilute 
sulphuric acid, results in deeolourisation and the evolution of 
pure but moist oxygen. 

2KMn04 + 3H2SO4 + fiHgOg 2MnS04 + K2SO4 + 60^ + SHgO 
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2. Hydrogen Sulphide: in the presence of dilute sulphuric 
acid, the purple colour of the solution is discharged and sulphur 
is precipitated.* 

2KMn04 + 3H2SO4 + 6H2S = K2SO4 + 2MnS04 + 5S + 8H2O 

Similar results are obtained with other reducing agents in 
the presence of dilute sulphuric acid. These include sulphur 
dioxide, ferrous sulphate, potassium iodide, sodium nitrite and 
oxalic acid ; in the last case, the reaction proceeds best at 
about 60 °. 

2KMn04 + 5SO2 + 2H2O = 2MnS04 + K2SO4 + 2H2S04t 

2KMn04 + 10PeSO4 + 8H2SO4 

= 2MnS04 + K2SO4 + 6^62(804)3 + 8H2O 

2 KMn 04 + lOKI + 8H2SO4 

— 2MnS04 -f- 6K28O4 “I* 5I2 “1“ 8H2O 

2KMn04 + 6HNO2 + 3H2SO4 

= 2MnS04 + K2SO4 + 5HNO3 + 3H2O 

2KMn04 + 5H2C2O4 + 3H2SO4 

= 2MnS04 + K2SO4 + IOCO2 + 8H2O 

In alkaline solution, the permanganate is decolourised, but 
manganese dioxide is precipitated. In the presence of sodium 
hydroxide solution, potassium iodide is converted into potas- 
sixun iodate, and sodium sulphite solution into sodium sulphate 
on boiling. 

2KMn04 + KI + H2O = KIO3 + 2Mn02 + 2KOH 

2KMn04 + SNaaSOa + H2O = 3Na2S04 + 2Mn02 + 2KOH 

3. Concentrated Hydrochloric Acid. — All permanganates 
on boiling with concentrated hydrochloric acid evolve chlorine. 

2KMn04 + 16HC1 = 2MnCl2 + 2KC1 + 6CI2 + SHgO 

4. Concentrated Sulphuric Acid {GBEAT DANGER).— 
Permanganates dissolve in this reagent to yield a green solution, 
which contains manganese heptoxide (permanganic anhydride) 
Mn207 ; the solution is liable to explode spontaneously at the 

* To avoid the production of sulphur by the reduction of potassium per- 
manganate by hydrogen sulphide in systematic qualitative tmalysis, the solu- 
tion may be reduced with formaldehyde solution, or the solid substance may 
be boiled with concentrated hydrochloric acid. The use of sulphur dioxide is 
not recommended (see footnote in connexion with Chromates, Section IV, 33, 
reaction 5). 

2KMn04 + 6HCI + 5H.CHO « 2MnClj + 2KCi + SH.CO^H + SH^O 

J Some dithionic acid HgSjtOg may be formed in this reaction, the quantity 
being dependent upon the experimental conditions. 

2KMn04 + 6SO2 + 2Hp = 2MnS04 + 2 KRSO, + H^S A 
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ordinary teinperature, and a very vigorous explosion may result 
on warming. The student is therefore warned not to carry out 
this experiment except with minute quantities of materials 
(not more than 0-05 gram) and in the latter case under the 
direct supervision of the teacher. The experiment is best 
omitted. ' 

Upon warming potassium permanganate with dilute sulphuric 
acid, oxygen is' evolved. 

: 2KMn04 + H2S04(conc.) = MngOy + K2SO4 +' HaO^ 
4KMn04 + 4 H 2 SO 4 , == 4Mn02 + 4 KHSO 4 +'302 + 2 H 2 O: 

5. Potassium Hydroxide Solution.— Upon warming a 
concentrated solution of potassium permanganate with con- 
centrated potassium hydroxide solution, a green solution of 
potassium manganate is produced and oxygen is evolved. 
When the manganate solution is poured into a large volume 
of water or is acidified with dilute sulphuric acid, the purple 
colour of the potassium permanganate is restored. 

4KMn04 + 4KOH = 4K2Mn04 + 2 H 2 O + O 2 
3K2Mn04 + 2 H 2 O == 2KMn04 + MnOg + 4KOH 

A manganate is produced when a manganese compound is 
fused with potassium nitrate and sodium carbonate (see Section 
111,26). 

Action of Heat.— When potassium permanganate is 
heated in a test-tube, pure oxygen is evolved, and a black 
residue of potassium manganate and manganese di- 

oxide remains behind. Upon extracting with a little water 
and filtering, a green solution of potassium manganate is 
obtained. 

2 iLM!n 04 . = !K!. 2 Mn 04 .+ !Mn02 "h U 2 ' 

IV, 35 . REACTIONS OF ACETATES, G2H3O2” 

Solubility, — AH normal acetates, with tiie exception of silver and mercurous 
acetates which are sparingly soluble, are readily soluble in water. Some basic 
acetates, e.g, those of iron, aluminium and chromium, are insoluble in water. 
The free acid, CHg.COjiH or H.CjjHgOg, is a colourless liquid with a pungent 
odour, boiling point 117®, melting point 17® and is miscible with water in all 
proportions; it has a corrosive action on the skin. 

Use sodium acetate, Na.CsHgOgjSHgO (or CH3.C02Na,3H20). 

1 . Dilute Sulphuric Acid: acetic acid, easily recognised by 
its vinegar-like odour, is evolved on warming. 

Na.CjHsOa -f H2SO4 = NaHSO* + H.CgHgOa 
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' 2 . .Cottcetttrated Sulphuric Acid: acetic^ acid ■ is, evolved 
on heating, together with sulphur dioxide, the latter tending 
to mask the penetrating odour of the concentrated acetic acid 
vapour. The test with dilute sulphuric acid, in which the 
acetic acid vapour is diluted with steam, is therefore to be 
preferred as a test for an acetate. 

5 . Ethyl Alcohol and Concentrated Sulphuric Acid.— 
One gram of the solid acetate is treated with 1 ml. of concen- 
trated sulphuric acid and 2-3 ml. of rectified spirit in a test- 
tube, and the whole gently warmed for several minutes; ethyl 
acetate C2H5.C2H3O2 is formed, which is recognised by its 
pleasant, fruity odour. On cooling and dilution with water 
on a clock glass, the fragrant odour will be more readily 
detected, 

C2HS.OH + H.C2HSO2 ^ C2H5.C2H3O2 + HgO 
(the sulphuric acid acts as a dehydrating agent). 

It is preferable to use i^o-amyl alcohol tecause the odour of 
the resulting i«o-amyl acetate is more readily distinguished 
from the alcohol itself than is the case with ethyl alcohol. It 
is well to run a parallel test with a known acetate and to 
compare the odours of the two products. 

4 , Silver Nitrate Solution: a white, crystalline precipitate 
of silver acetate Ag.C2H302 is produced in concentrated solu- 
tions in the cold. The precipitate is more soluble in boiling 
water ( 10-4 grams per litre at 20 ^ and 25-2 grams per litre at 
80 ®) and readily soluble in dilute ammonia solution. 

lsra.C2H302 "I" Ag!N 03 = Ag.C 2 ll 302 "f" NaISr 03 

5. Barium, Calcium or Mercuric Chloride Solution: 
no precipitate. 

d. Ferric Chloride Solution: deep-red coloration, due to 
ferric acetate Fe(C2H302)3, is produced with practically neutral 
solutions of acetates. On diluting and boiling the red solution, 
the iron is precipitated as basic ferric acetate Fe(0H)2.02H302. 
The coloration is destroyed by dilute hydrochloric acid. 

FeCia + SNa.CaHgOg = Fe(C2H302)3 + 3 NaCl; 

Fe(C2H302)3 + 2 H 2 O = Fe(0H)2*C2H302 + 2H,C2Hs02 

7 . Cacodyl Oxide Reaction. — If a dry acetate, preferably 
that of sodium or potassium, is heated in an ignition tube or 
test-tube with a small quantity of arsenious oxide, an extremely 
nauseating odour of cacodyl oxide is produced. AU cacodyl 
compounds are extremely poisonous; the experiment must 
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therefore be performed on a very small scale, and preferably 
in the fume chamber. Mix not more than 0-2 gram of sodium 
acetate with 0*2 gram of arsenions oxide in an ignition tube 
and warm; observe the extremely unpleasant odour that is 
produced. 

4Na,.„C2B[302 -f- As^Og 

= (CH3)2Ab , 0 . As(CH3)2 + 2 Na 2 C 03 + 2 CO 2 

S. Lanthaniim Nitrate Test-— Treat 0-5 ml. of the acetate 
solution with 0*5 ml. of a 5 per cent lanthanum nitrate solution, 
add 0*5 ml. of iodine solution and a few drops of dilute ammonia 
solution, and heat slowly to the boiling point. A blue colour 
is produced; this is probably due to the adsorption of the 
iodine by the basic lanthanum acetate. This reaction provides 
an extremely sensitive test for an acetate. 

Sulphates and phosphates interfere, but can be removed by 
precipitation with barium nitrate solution before applying the test. 
Propionates give a similar reaction. 

f Tiie spot-test technique is as follows. Mix a drop of the test 
solution on a spot plate with a drop of 5 per cent lanthanum nitrate 
solution and a drop of 0*01 A iodine. Add a drop of N ammonia solu- 
tion, Within a few minutes a blue to blue-brown ring will develop 
round the drop of ammonia solution. 

Sensitivity: 50 fig. H.CaH^Oa. Concentration limit: 1 in 2,000. 

f P. Formation of Indigo Test, — -The test depends upon the con- 
version of acetone, formed by the dry distillation of acetates (see 
reaction id), into indigo. No other fatty acids give this test, but the 
sensitivity is reduced in their presence. 

Mix the solid test sample with calcium carbonate or, alternatively, 
evaporate a drop of the test solution to dryness with calcium carbonate ; 
both operations may be carried out in the hard glass tub© of Fig. II, 
6, 15. Cover the open end of the tube with a strip of quantitative filter 
paper moistened with a freshly prepared solution of o-nitrobenzalde- 
hyde in 2N sodium hydroxide, and hold the paper in position with a 
small glass cap or a small watch glass. Insert the tube into a hole in 
an asbestos or ‘^uraiite” sheet and heat the tube gently. Acetone is 
evolved which colours the paper blue or bluish-green. For minute 
amounts of acetates, it is best to remove the filter paper after the 
reaction and treat it with a drop of dilute hydrochloric acid; the original 
yellow colour of the paper is thus bleached and the blue colour of the 
indigo is more readily apparent. 

Sensitivity: 60ftg. H.CgHjOa 

JO, Action of Heat . — All acetates decompose upon strong 
ignition, yielding the highly inflammable acetone CH3.CO.CH3 
and a residue, which consists of the carbonates for the alkali 
acetates, of the oxides for the acetates of the alkaline earth 
and heavy metals, and of the metal for the acetates of silver 
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and the noble metals. Carry out the experiment in an ignition 
tube with sodium acetate and lead acetate. 

2Na.C2H302 = CHs.CO.CHs + NagCOa 

IV, 36. REACTIONS OF FORMATES, H-GOa" 

Solubility , — ^With the exception of the lead, silver and mercurous salts 
which are sparingly soluble, most formates are soluble in water. The free 
acid H . COjsH is a pungent smelling liquid, boiling point 100*5®, melting point 
8°, miscible with water in all proportions, and producing blisters when allowed 
to come into contact with the skin. 

Use sodium formate, H.COgNa. 

1. Dilute Sulphuric Acid: formic acid is liberated, the 
pungent odour of which can be detected on warming the 
mixture. 

H . COaNa + HjSO* = NaHSO^ + H . COgH 

2. Concentrated Sulphuric Acid: carbon monoxide QiigMy 
poisonous) is evolved on warming; the gas should be ignited 
and the characteristic blue flame obtained. 

H.COjNa + H 2 SO 4 = CO + NaHSOi + HgO 

3. Ethyl Alcohol and Concentrated Sulphuric Acid: a 
pleasant odour, due to ethyl formate H.CO2C2H5, is apparent 
on warming (for details, see under Acetates, Section IV, 35, 
reaction 3). 

H.CO2H + CaHsOH ^ H.CO2C2H5 + H2O 

4. Silver Nitrate Solution: white precipitate of silver 
formate H.C02Ag in neutral solutions, slowly reduced at the 
ordinary temperature and more rapidly on warming, a black 
precipitate of silver being formed (distinction from acetate). 
With very dilute solutions, the silver may be deposited in the 
form of a mirror on the walls of the tube. 

H . COaNa + AgNOg = H .COaAg + NaNOs ; 

2 H.C02Ag = 2 Ag + H.CO2H + GO2 

5. Barium or Calcium Chloride Solution: no precipitate. 

6. Ferric Chloride Solution: a red coloration, due to ferric 
formate Fe(H.C02)3, produced in practically neutral solu- 
tions; the colour is discharged by hydrochloric acid. If the 
red solution is diluted and boiled, a brown basic ferric 
formate (H.C02)Fe(0B[)2 is precipitated. 

SH.COzNa -f FeCls = Fe(H.C02)s -f 3 NaCl; 

Fe(H.C02)3 + 2H20 = (H.COg)Fe(OH)a -f 2H.CO2H 
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1 . Mercuric Chloride Solution: white precipitate of mer- 
curous chloride Hg2Cl2 is produced on warming; this passes 
into grey, metallic mercury in presence of excess of the formate 
solution (distinction from acetate). 

2 H . C 02 Na -f 2 HgCl 2 = Hg2a2 + 2 NaCl -f CO -f COg -f HaO ; 

2H.C02hra -f- Hg2Cl2 ™ 2 IIg 2 N'aCl -f- CO -f- CO2 ~f- II2O 

5 . Mercuric Formate Test.— -Free formic acid is necessary 
for this test. The solution of the formate is acidified with 
dilute sulphuric acid and shaken vigorously with a little mer- 
curic oxide; it is then filtered from the undissolved oxide. The 
filtrate, which contains mercuric formate (H.C02)2Hg, on boil- 
ing gives momentarily a white precipitate of mercurous formate 
(H.C02)2Hg2, which rapidly changes to a grey precipitate of 
metallic mercury. 

2H.CO2H + HgO = (H.GOglaHg + H2O; 

2 (H.C 02 ) 2 Hg = {H.C 02 ) 2 Hg 2 -f H.CO2H -f CO2; 
(H.COalaHga = 2 Hg -f H.CO2H -f- CO2 

f9. Formaldehyde-Chromotropic Acid Test. — -Formic acid 
H.COOH is reduced to formaldehyde H.CHO by magnesium and 
hydrochloric acid. The formaldehyde is identified by its reaction with 
chromotropic acid (see Section III, 22, reaction 8 ) in strong sulphuric 
acid when a violet-pink coloration appears. Other aliphatic aldehydes 
do not give the violet coloration. 

Place a drop or two of the test solution in a semimicro test-tube, add 
a drop or two of dilute hydrochloric acid, followed by magnesium 
powder imtil the evolution of gas ceases. Introduce 3 ml. of sulphuric 
acid (3 acid : 2 water) and a little solid chromotropio acid, and warm 
to 60 "C. A violet-pink coloration appears within a few minutes. 

Sensitivity: 1-6 pg. H.COOH. Concentration limit: 1 in 20,000. 

10 . Action of Heat. — Cautious ignition of the formates of 
the alkali metals yields the corresponding oxalates (for tests, 
see Section IV, 37 ) and hydrogen. 

2 H.C 02 Na = Nag.CaO^ H2 
IV, 37 . REACTIONS OF OXALATES, GjO^'" 

SolvhilUy . — ^The oxalates of the alkali metals and of ferrous iron are soluble 
in water; all other oxalates are either insoluble or sparingly soluble in water. 
They are all soluble in dilute acids: 

Ca.CA + SHO « + ^HCl 

Some of the oxalates dissolve in a concentrated solution of oxalic acid 
by virtue of the formation of soluble acid or complex oxalates. Oxalic 
acid (a dibasic acid) is a colourless, crystalline solid HjCg04,2H20 (or 
H02C.C02H,2H20), and become anhydrous on heating to 110®; it is readily 
soluble in water (111 grams per litre at 20®). 
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'.Use sodium oxalate, N'a2..C204, or, ammomum: oxalate, 

L CoBcentrated Sulphuric Acid: deeomposition .of all 
solid oxalates occurs with the eyolution of carbon monoxide 
and carbon dioxide ; the latter can be detected by passing the 
escaping gases through lime water (distinction from formate) 
and the former by burning it at the mouth of the tube. With 
dilute sulphuric acid, there is no visible action ; in the presence 
of manganese dioxide, however, carbon dioxide is evolved. 

+ H2SO4 - CO + COg + HgO + / 

(the sulphuric acid acts as a dehydrating agent). 

2 . Silver Nitrate Solution: white, .curdy precipitate ,, of 
silver oxalate Ag2.0204> sparingly soluble in water, soluble in 
ammonia solution and in dilute nitric acid. 

(NH 4)2 . C2O4 + 2AgN03 =- Ag2 . C2O4 + 2NH4NO3 

3. Calcium Chloride Solution: white, erystalline precipi- 
tate of calcium oxalate Ca.C204 from neutral solutions, in- 
soluble in dilute acetic acid, oxalic acid and in ammonium 
oxalate solution, but soluble in dilute hydrochloric acid and 
in dilute nitric acid. It is the most insoluble of all oxalates 
( 0*0067 gram per litre at 13 ®) and is even precipitated by 
calcium sulphate solution and acetic acid. Barium chloride 
solution similarly gives a white precipitate of barium oxalate 
Ba .O2O4, sparingly soluble in water ( 0*016 gram per litre at 8®), 
but soluble in solutions of acetic and of oxalic acids, 

(NH4)2.C204 + CaClg = Ca,C204 + 2NH4CI 

4 . Potassium Permanganate Solution: decolourised when 
warmed in acid solution to 60 ®- 70 ®. The bleaching of per- 
manganate solution is also ejffected by many other organic 
compounds, but if the evolved carbon dioxide is tested for 
by the lime water reaction (Section IV, 2, reaction 1 ), the test 
becomes specific for oxalates. 

2KMn04 + 3H2SO4 + 6H2.C2O4 

= 2MnS04 + K2SO4 + IOCO2 + 8H2O 

3 . Resorcinol Test, — ^Place a few drops of the test solution 
in a test-tube: add several drops of dilute sulphuric acid and 
a speck or two of magnesium powder. When the metal has 
dissolved, add about 0-1 gram of resorcinol, and shake until 
dissolved. Cool. Carefully pour down the side of the tube 
3--4 ml. of concentrated sulphuric acid. A blue ring will form 
at the junction of the two liquids. Upon warming the sul- 
phuric acid layer at the bottom of the tube very gently 
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(CAUTION), the blue colour spreads downwards from tto 
interface and eventually colours the whole of the sulphuric 
acid layer.. ■' 

Citrates do not interfere. In the presence of tartrates, a 
blue ring is obtained in the cold or upon very gentle warming 
(compare similar test under Tartrates in the following Section), 

\ Manganous Sulphate Test . — A solution of manganous 
sulphate is treated with sodium hydroxide solution, and the 
resulting mixture warmed gently to convert it into mangano- 
manganic hydroxide. After cooling, the solution of the oxalate, 
made acid with dilute sulphuric acid, is added. The precipi- 
tate dissolves and a red colour is produced. The latter is pro- 
bably due to the formation of the complex ion [Mn(C204)3]'“'”“. 

7. Action of Heat. — ^All oxalates decompose upon ignition. 
Those of the alkali metals and of the alkaline earths yield 
chiefly the carbonates and carbon monoxide; a little carbon is 
also formed. The oxides of the metals whose carbonates are 
easily decomposed into stable oxides, are converted into carbon 
monoxide, carbon dioxide and the oxide, e.p. magnesium and 
zinc oxalates. Silver oxalate yields silver and carbon dioxide ; 
silver oxide decomposes on heating. Oxalic acid decomposes 
into carbon dioxide and formic acid, the latter being further 
partially decomposed into carbon monoxide and water. 

TNag.CA == + SCO 
Ba.C204 =: BaCOg + GO; 

Mg.C204 -= MgO + CO -+ CO2; 

Ag2,C204 = 2Ag -I- 2CO2; 

H2.C204-H,C02H + C02; 

H.CO2H = CO + H2O 

Formation of Aniline Blue Test. — Upon heating insoluble 
oxalates with syrupy phosphoric acid and diphenylamine or upon 
heating together oxalic acid and diphenylamine, the dyestuff aniline 
blue (or diphenylamine blue) is formed. Formates, acetates, tartrates, 
citrates, succinates, benzoates and salts of other organic acids do not 
react under these experimental conditions. In the presence of other 
anions which are precipitated by calcium chloride solution, e.g, tartrate, 
sulphate, sulphite, phosphate and fluoride, it is best to heat the precipi- 
tate formed by calcium chloride with phosphoric acid as detailed below. 

Place a few milligrams of the test sample (or, alternatively, use the 
residue obtained by evaporating 2 drops of the test solution to dryness) 
in a micro test-tube, add a little pure diphenylamine and melt over a 
free flame. When cold, take up the melt in a drop or two of alcohol 
when the latter will be coloured blue. 

Sensitivity: 5 H 2 C 2 O 4 . Concentration limit: 1 in 10,000 
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In the presence of anions which are precipitated by caiciona chloride 
solution, proceed as follows. Precipitate the acetic acid test solution 
with calcium chloride solution, and collect the precipitate on a filter or 
■in 'a .centrifuge tube. Remove the water from the precipitate either 
by , drying ' or by' washing with alcohol and ether. Mix a small amount of 
tlie precipitate with diphenylamine in a dry micro test-tube, add a little 
syrupy phosphoric acid, and heat gently over a free flame. Calcium 
phosphate and free oxalic acid are formed, and the latter condenses 
with the diphenylamine to aniline blue and colours the hot phosphoric 
acid blue. The colour disappears on cooling. Dissolve the melt in 
alcohol, when a blue coloration appears. Pour the alcoholic solution 
into water thus precipitating the excess of diphenylamine, which is 
coloured light blue by the adsorption of the dyestuff. The dye may be 
extracted from aqueous solution by ether. 

IV, 38. REACTIONS OF TARTRATES, C4H40o”~ 

^oi:w6»t/.-».Tarfcaric acid, HOaC.CHfOH) , 0 H{ 0 H).C 02 H or 
is a crystalline solid, which is extremely soluble in water ; it is a dibasic acid. 
The potassium and ammonium acid salts are sparingly soluble in water; 
those of the other alkali metals are readily soluble. The normal tartrates of 
the alkali metals are easily soluble, those of the other metals being sparingly 
soluble in water, but dissolve in solutions of alkali tartrates forming complex 
salts, which often do not give the typical reactions of the metals present. 

The most important commercial sMts are “tartar emetic” K(SbO) . 04 H 40 g,- 
0«5 HgO, “Rochelle salt” KHa.C 4 H 404 , 4 Ha 0 and “cream of tartar” 
KH.C 4 H 40 e. 

Use RocheUe salt, KJS[a.C4H406,4H20. 

L Concentrated Sulphuric Acid. — ^When a solid tartrate 
is heated with concentrated snlphuric acid, it is decomposed 
in a complex manner. Charring occurs almost immediately 
(owing to the separation of carbon), carbon dioxide and 
carbon monoxide are evolyed, together with some sulphur 
dioxide; the last-named probably arises from the reduction of 
the sulphuric acid by the carbon. An empyreumatic odour, 
reminiscent of burnt sugar, can be detected in the evolved 
gases. Dilute sulphuric acid has no visible action. 

H2.C4H40e = GO + CO2 + 2C + aH^O; 

C + 2H2SO4 ==- 2SO2 + CO2 + 2H2O 

2. Silver Nitrate Solution: white, curdy precipitate of 
silver tartrate Ag2. €411400 from neutral solutions of tartrates, 
soluble in excess of the tartrate solution, in dilute ammonia 
solution and in dilute nitric acid. On warming the ammoniacal 
solution, metallic silver is precipitated; this can be deposited 
in the form of a mirror under suitable conditions. 

The silver mirror test is best performed as follows. The 
solution of the tartrate is acidified with dilute nitric acid, 
excess of silver nitrate solution added and any precipitate 
present filtered off. Very dilute ammonia solution (approxi- 
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mately if/50) is then added to the solution until the precipitate 
at first formed is redissolved, the solution is filtered, 

and the filtrate collected in a clean test-tube; the latter is then 
placed in a beaker of boiling water. A brilliant mirror is 
formed on the sides of the tube after a few minutes. The test- 
tube may be cleaned either by boiling with chromic acid 
mixture or by boiling it with a little sodium hydroxide solution, 
and then rinsing it well with distilled water. 

An alternative method for carrying out the silver mirror test 
is the following. Prepare ammoniacal silver nitrate solution 
by placing 5 mi. of silver nitrate solution in a thoroughly clean 
test-tube and add 2-3 drops of dilute sodium hydroxide solu- 
tion; add dilute ammonia solution dropwise until the precipi- 
tated silver oxide is redissolved (this procedure reduces 

the danger of the formation of the explosive silver azide AgN 3 
to a minimum). Introduce about 0*5 ml. of the neutral tar- 
trate solution. Place the tube in warm water. A silver mirror 
is formed in a few minutes. 

The reaction is interfered with by other acids. It is best 
to isolate the potassium hydrogen tartrate, as in reaction i 
below, before carrying out the test. 

KNa.C4H406 + 2AgN03 = Ag2.C4H406 + KNO3 + NaNOg 

3. Calcium Chloride Solution: white, crystalline precipi- 

tate of calcium tartrate Ca . C 4 H 4 O 0 with a concentrated neutral 
solution. The precipitate is soluble in dilute acetic acid (dif- 
ference from oxalate), in dilute mineral acids and in cold alkali 
solutions. An excess of the reagent must be added because 
calcium tartrate dissolves in an excess of an alkali tartrate 
solution forming a complex tartrate ion, [Ca(C 4 H 406 ) 2 ] • 

Precipitation is slow in dilute solutions, but may be accelerated 
by vigorous shaking or by nibbing the walls of the test-tube 
■with a glass rod. 

CaClg + NaK.C 4 H 40 e = Ca.C4H406 + NaCl + KCi 

4. Potassium Chloride Solutiou,^ — ^When a concentrated, 
neutral solution of a tartrate is treated with a solution of a 
potassium salt (e.gr. potassium chloride or potassium acetate) 
and then acidified with acetic acid, a colourless crystalline 
precipitate of potassium hydrogen tartrate KH.C 4 H 4 O 6 is 
obtained. The precipitate forms slowly in dilute solutions; 
crystallisation is induced by vigorous shaking or by rubbing 
the walls of the vessel with a glass rod. 

KNa.C4H406 + KCI + B.C^HsO; 
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5. Fenton’s Test. — ^Add 1 drop of a saturated solution of 
ferrous sulphate to about 6 ml. of the neutral or acid solution 
of the tartrate, and then 2-3 drops of hydrogen peroxide solu- 
tion (10 volume). A deep violet or blue coloration is developed 
on adding excess of sodium hydroxide solution. The colour 
becomes more intense upon the addition of a drop of ferric 
chloride solution. 

The violet colour is due to the formation of a salt of dihydroxy -maleic acid 
COgH.O(OH) = qOHl.COg'H.' 

The test is not giYen by citrates^ malates or succinates. 

6. Resorcinol Test. — ^Place a few drops of the test solution 
in a test-tube; add several drops of dilute sulphuric acid and 
a speck or two of magnesium powder. When the metal has 
dissolved, add about 0-1 gram of resorcinol, and shake until 
dissolved. Cool. Carefully pour down the side of the tube 
3-4 ml. of concentrated sulphuric acid. Upon warming the 
sulphuric acid layer at the bottom of the tube very gently 
(CAUTION), a red layer (or ring) forms at the junction of the 
two liquids. With continued gentle heating, the red colour 
spreads downwards from the interface and eventually colours 
the whole of the sulphuric acid layer. 

Citrates do not interfere. In the presence of oxalate, a blue 
ring is formed in the cold and on gentle warming of the sul- 
phuric acid layer at the bottom of the tube the blue coloration 
spreads downwards into the concentrated acid layer and a red 
ring forms at the interface. 

The colour is due to the formation of a condensation product of resorcinol 
C6H4(0H)2 and glyeoUic aldehyde OHgOH.CHO, the latter ai-ising from the 
action of the sulphuric acid upon the tartaric acid. The formula of the 
condensation product is CHgOH.CH[C 8 Hg(OH)j 2 . 

7. Copper Hydroxide Test. — ^Tartrates dissolve copper 
hydroxide in the presence of excess of alkali hydroxide solution 
to form the dark blue cupri-tartrate ion, which is best detected 
by filtering the solution. If only small quantities of tartrate 
are present, the filtrate should be acidified with acetic acid 
and tested for copper by the potassium ferrocyanide test. 
Arsenites, ammonium salts and organic compounds convertible 
into tartaric acid also give a blue coloration, and should there- 
fore be absent or be removed. 

The experimental details are as follows. Treat the test 
solution with an equal volume of 2N sodium or potassium 
hydroxide (or treat the test solid directly with a few ml. of the 
alkali hydroxide solution, warm for a few minutes with stirring 
and then cool), add a few drop of M coppr sulphate solution 
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{i.e. just sufficient to yield a visible precipitate of cuprie 
hydroxide), sliake the mixture vigorously for 5 minutes, and 
filter. If the filtrate is not clear, warm to coagulate the col- 
loidal copper hydroxide and filter again. A distinct blue 
coloration indicates the presence of a tartrate. If a pale 
coloration is obtained, it is advisable to add concentrated 
ammonia solution dropwise when the blue colour intensifies; 
it is perhaps better to acidify with 2iV acetic acid and add 
potassium ferrocyanide solution to the clear solution where-* 
upon a reddish-brown precipitate or (with a trace of a tartrate) 
a red coloration is obtained. 

jgjS-Binaplithol Test 



When a solution of /3/3'-dinaphthol in concentrated sulphuric acid is 
heated with tartaric acid, a green coloration is obtained. Oxalic, citric, 
succinic and cinnamic acids do not interfere. 

Heat a few milligrams of the solid test sample or a drop of the test 
solution with 1-2 ml. of the dinaphthol reagent in a water bath at 86 °C/ 
for 30 minutes. A luminous green fluorescence appears during the 
heating, which intensifles on cooling, and at the same time the violet 
fluorescence of the reagent disappears. 

Sensitivity: 10 /xg. tartaric acid. Concentration limit: 1 in 5,000. 

The reagent consists of a solution of 0-05 gram of jS/3'-dinaphthol in 
100 ml. of concentrated sulphuric acid. 

9. Action of Heat. — ^The tartrates and also tartaric acid 
decompose in a complex manner on heating; charring takes 
place, a smell of burnt sugar is apparent and inflammable 
vapours are evolved. 

IV, 39. REACTIONS OF CITRATES, CeHgO^ 

8 oluUlUy,—Qittm acid, HOaC.CHa.CCOHlCOaH.CHa ,C05jH,H20 or 
Hg.CgHsOjjHgO, is a cr3rstalline solid which is very soluble in water; it 
becomes anhydrous at 65 ® and melts at 160 ®. It is a tribasic acid, and there- 
fore gives rise to three series of salts. The normal citrates of the alkali 
metals dissolve readily in water; other metallic citrates are sparingly soluble. 
The acid citrates are more soluble than the acid tartrates. 

Use sodium citrate, Na 3 .CgH 507 , 2 H 20 . 

i. Concentrated Sulphuric Acid. — When a solid citrate 
is heated with concentrated sulphuric acid, carbon monoxide 
and carbon dioxide are evolved; the solution slowly darkens 
owing to the separation of carbon, and sulphur dioxide is 
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evolved (oompare Tartrates, Section IV, 30, wMch ciiar almost 
immediately);. , 

Tlae first products of the reaction are carbon monoxide and acetone di- 
carboxylic acid (I); the latter undergoes further partial decomposition into 
acetone (11) and carbon dioxide. 

H0,aCH2.C(0H)G0aH.CH2.G02H ■ 

= CO + HgO 4- H0,C.GH2.C0.CH,.G0,H (I) ; 

HO2C.CH2.CO.GH2.GO2H == CH3.GO.CHa (II) + SCOg 

Use may be made of the intermediate formation of acetone dicarboxylic 
acid and of the interaction of the latter with sodium ni troprusside solution to 
yield a red coloration as a test for citrates. When about 0*5 grams of a citrate 
or of citric acid is treated with 1 mi. of concentrated sulphuric acid for 1 
minute, the mixture cooled, cautiously diluted with water, rendered alkaline 
with sodium hydroxide solution and then a few c.c. of a freshly prepared 
solution of sodium nitroprxisside added, an intense red coloration results. 

: 2; Silver Nitrate Solution.: white, cardy' .precipitate of 
silver citrate Ag 3 . C 0 H 5 O 7 from neutral solutions. The precipi- 
tate is soluble in dilute ammonia solution, and this solution 
undergoes only very slight reduction to silver on boiling (dis- 
tinction from tartrate). 

Naa.CeHfiO; + 3AgNOs - Aga.CfiHgOy + SNaNOa 

3. Calcium Chloride Solution: no precipitate with neutral 
solutions in the cold (dijEEerence from tartrate), but on boiling 
for several minutes a crystalline precipitate of calcium citrate 
Ca 3 (C 6 H 507 ) 2 , 4 H 20 is produced. If sodium hydroxide solution 
is added to the cold solution containing excess of calcium 
chloride, there results an immediate precipitation of amorphous 
calcium citrate, insoluble in solutions of caustic alkalis, but 
soluble in ammonium chloride solution; on boiling the ammo- 
nium chloride solution, crystalline calcium citrate is precipi- 
tated, which is now insoluble in ammonium chloride solution. 

2 Na 3 . 0 eH 607 + SCaClg = Ca 3 {C 6 H 507)2 + 6 NaCl 

4. Cadmium Chloride Solution: white, gelatinous preci- 
pitate of cadmium citrate Cd 3 (C 6 H 507 ) 2 , practically insoluble 
in boiling water, but readily soluble in warm acetic acid (tar- 
trate gives no precipitate). 

2 ]Sra 3 .C 6 H 0 O 7 + SCdCig = Cd 3 (CeH 507)2 + bNaCl 

5. Deniges* Test. — ^Add 0^5 ml. of acid mercuric sulphate 
solution to 3 ml. of the citrate solution, heat to boiling and 
then add a few drops of a 2 per cent solution of potassium 
permanganate. Decoloiirisation of the permanganate will take 
place rapidly and then, somewhat suddenly, a heavy white 
precipitate, consisting of the double salt of basic mercuric 
sulphate with mercuric acetone dicarboxylate 

HgS04,2Hg0,2[C0(CH2.C02)2Hg3, 
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is formed. Salts of the halogen acids interfere and mnst there- 
fore be removed before carrying out the test. 

The reagent (an acid solntion of mercuric snlphate) is prepared 
by adding 10 ml. of concentrated sulphuric acid slowly to 50 ml. of 
water, and dissolving 2*5 grams of mercuric oxide in the hot solution. 

d. Action of Heat.— Citrates and citric acid char on heating; 
carbon monoxide, carbon dioxide and acrid-smelling vapours 
.are evolved. 

IV, 40. REACTIONS OF SALICYLATES, 

C6H4(oh)co2“ or 

Solubility . — Salicylic acid GeH4(0H)C02H (o-hydroxybenjsoic acid) forms 
colourless needles, which melt at 155*^. The acid is sparingly soluble in cold 
water, but more soluble in hot water, from which it can be recrystallised. It 
is readily soluble in alcohol and ether. With the exception of the lead, 
mercury, silver and barium salts, the monobasic salts C6H4(0H)C02M-— these 
are the most commonly occurring salts—are readily soluble in cold water. 

Use sodium salicylate, C0H4(OH)CO2Na or Na.C7H503. 

1. Concentrated Sulphuric Acid: dissolves on warming; 
charring occurs slowly, accompanied by the evolution of carbon 
monoxide and sulphur dioxide. 

2 . Concentrated Sulphuric Acid and Methyl Alcohol 
(‘‘Oil of Winter-green” Test). — ^When 0*5 gram of a sali- 
cylate or of salicylic acid is treated with a mixture of 1-5 ml. 
of concentrated sulphuric acid and 3 ml. of methyl alcohol and 
the whole gently warmed, the characteristic, fragrant odour of 
the ester, methyl salicylate (I) (“oil of winter-green’'), is 
obtained. The odour is readily detected by pouring the 
mixture into dilute sodium carbonate solution contained in a 
porcelain dish, 

C6H4(0H)C02;H + CH3OH ^ C6H4(0H)C02CH3 (I) + H2O 

(The sulphuric acid acts as a dehydrating agent.) 

3 . Dilute Hydrochloric Acid*: crystalline precipitate of 
salicylic acid from solutions of the salts. The precipitate is 
moderately soluble in hot water, from which it crystallises on 
cooling. 

4 . Silver Nitrate Solution: heavy, crystalline precipitate 
of silver .salicylate Ag.C7H503 from neutral solutions; it is 
soluble in boiling water and crystallises from the solution on 
cooling. 

C6H4(0H)C02Na + AgNOg = C6H4(0H)C02Ag + NaNOa 

* Or any other mineral aeid. 
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' 5. Ferric Chloride Solution': intense violet-red coloration 
with neutral solntions of salicylates or with free salicylic acid ; 
the colour disappears upon the addition of dilute mineral acids, 
but not of a little acetic acid. The presence of a forge excess 
of many organic acids (acetic, tartaric and citric) prevents the 
development of the colour, but the addition of a few drops of 
dilute ammonia solution will cause it to appear. 

d. Dilute Nitric Acid. — When a salicylate or the free' acid 
is boiled with dilute nitric acid (1:5) and the mixture poured 
into 4 times its volume of cold water, a crystalline precipitate 
of 5-nitrO"Salicylic acid (I) is obtained. The precipitate is 
filtered off and recrystallised from boiling water; the acid, 
after drying, has a melting point of 226®. 

C6H4{0H)C02H + HNO 3 = CqB^(N02){OE)CO^'E (I) + H 2 O 

Poly-nitro salicylic acids are formed when the concentration of 
nitric acid exceeds 2-3^. It must be emphasised that nitro- 
salicylic acids may explode on strong hmthig^ and this must be borne 
in mind when removing salicylates by oxidation with nitric acid 
and evaporating to dryness prior to the precipitation of Group IIIA. 
If salicylate is suspected, it is probably best to remove it by acidify- 
ing the concentrated solution with dilute hydrochloric acid: most 
of the salicylic acid will separate out upon cooling. 

7, Soda Lime.— When salicylic acid or one of its salts is 
heated with excess of soda lime in an ignition tube, phenol 
06 H 5 ( 0 H) is evolved, which may be recognised by its charac- 
teristic odour. 

C6H4(0H)C02Na + NaOH == CeHsOH + Na^COg 

8, Action of Heat. — Salicylic acid, when gradually heated 
above its melting point, sublimes. If it is rapidly heated, it is 
decomposed into carbon dioxide and phenol (I). Salicylates 
char on heating and phenol is evolved. 

CeH4(0H)C02H ^ CeHsOH (I) + CO^ 

IV, 41. REACTIONS OF BENZOATES, CeH^.COr OR 

Solubility . — ^Benzoic acid, CgHs.COjH or is a white, crystalline 

solid; it has a melting point of 121^ and sublimes at a somewhat higher 
temperature. The acid is sparingly soluble in cold water, but more soluble 
in hot water, from which it eryst^ises out on cooling; it is soluble in alcohol 
and in ether. Ail the benzoates, with the exception of the silver and basic 
ferric salts, are readily soluble m cold water. 

Use potassium benzoate, 0gHB.C02K or K-C^HgOj. 
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1. Goiicejitratecl Salphiiric" Acid : ' no charring ^ ocours':" on 
heating; the acid forms a sublimate on the sides of the test- 
tube and irritating fumes are evolved. 

2. Dilute Sulpliuric Acid*: white, crystalline ' precipitate , 
of benzoic acid from cold solutions of benzoates. The acid 
may be filtered off, dried between filter paper or upon a porous 
tile and identified by means of its melting point (121°). If the 
latter is somewhat low, it may be recrystallised from hot water. 

C6H5.CO2K + HCl = CeHg.CO^H + KCl 

5. Concentrated Sulphuric Acid and Ethyl Alcohol,— 
Heat 0-5 gram of a benzoate or of benzoic acid with a mixture 
of 1*5 ml. of concentrated sulphuric acid and 3 ml. of ethyl 
alcohol for a few minutes. Allow the mixture to cool, and 
note the pleasant and characteristic aromatic odour of the ester, 
ethyl benzoate (I), The odour is more apparent if the mixture 
is poured into dilute sodium carbonate solution contained in 
an evaporating basin ; oily drops of ethyl benzoate will separate 
out. 

C6H5.CO2H + C2H5OH ^ CaH5.C02C2H5 (I) + H2O 

4. Silver Nitrate Solution: white precipitate of silver 
benzoate Ag.C7H502 from neutral solutions. The precipitate 
is soluble in hot water and crystallises from the solution on 
cooling ; it is also soluble in dilute ammonia solution. 

C6H5.CO2K + AgNOs = CeHs.COaAg + KNO3 

5. Ferric Chloride Solution: buff-coloured precipitate of 
basic ferric benzoate (II) from neutral solutions. The precipi- 
tate is soluble in hydrochloric acid, with the simultaneous 
separation of benzoic acid (see reaction 2). 

3C6H5.CO2K + 2 FeCl 3 + SHgO 

- (C6H5.C02)3Fe.Fe(0H)3(II) + 3KC1 +3HC1 

6. Soda Lime. — ^Benzoic acid and benzoates are decomposed 
when heated in an ignition tube with excess of soda lime into 
benzene CeHg, which bums with a smoky flame, and carbon 
dioxide, the latter combining with the alkali present. 

C6H5.CO2H + 2NaOH = CfiHe + NagCOs -f H2O 

7. Action of Heat. — ^When benzoic acid is heated in an 
ignition tube, it melts, sublimes and condenses in the cool 
parts of the tube. An irritating vapour is simultaneously 
evolved, but no charring occurs. If a little of the acid or of 
one of its salts is heated upon platinum foil or broken porcelain, 
it bums with a blue, smoky flame (distinction from succinate). 

* Or any other mineral acid. 
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IV, 42 . REACTIONS OF SUCCINATES, C4H4O4"- 

Solubility. acid, H02C,CH2.CH2.C02H or H2.C4H4O4 {a dibasic 
acid), is a •white, crystalline solid with a melting point of 182®; it boils at 
23S® •with the formation of snccinio anhydride C4H4O3 by the loss of one 
molecnl© of .water, ' The acid is fairly soluble in water (68-4 grams per litre 
at 20°), but more soluble in hot water; it is moderately soluble in alcohol and 
in acetone, slightly soluble in ether and sparingly so^luble in chloroform. Most 
normal succinates are soluble in cold water; the silver, calcium, barium and 
basic ferric salts are sparingly soluble. 

Use sodium succinate, C2H4(C02Na)2 or Nag. C4H4O4. 

1 . Concentrated Sulphuric Acid. — ^The acid or its salts 
dissolve in warm, concentrated sulphuric acid without charring ; 
if the solution is strongly heated, slight charring takes place 
and sulphur dioxide is evolved. 

Dilute sulphuric acid has no visible action. 

2 . Silver Nitrate Solution: white precipitate of silver 
succinate Ag2.C4H404 from neutral solutions, readily soluble 
in dilute ammonia solution. 

C2H4(C02Na)2 + 2AgN03 = C2H4(C02Ag)2 + ZNaNOs 

3 . Ferric Chloride Solution: light-brown precipitate of 
basic ferric succinate (I) with a neutral solution ; some free 
succinic acid is simultaneously produced, and the solution 
acquires an acid reaction. 

SCaHilCOaNala -f 2FeCl3 -f SHgO 

= 2C2H4(C02)2Fe(0H) (I) -f- 6NaCi -f- C2H4(C02H)2 

4 . Barium Chloride Solution: white precipitate of barium 
succinate Ba.C4H404 from neutral or slightly ammoniacal 
solutions (distinction from benzoate). Precipitation is slow 
from dilute solutions, but may be accelerated by vigorous 
shaking or by rubbing the inner wall of the test-tube with a 
glass rod. 

C2H4(C02Na)2 -f- BaQg = C2H4(C02)2Ba + 2 NaCl 

5 . Calcium Chloride Solution: a precipitate of calcium 
succinate is very slowly produced from concentrated neutral 
solutions. 

6 . Fluorescein Test. — ^About 0-5 gram of the acid or one 
of its salts is mixed with 1 gram of resorcinol, a few drops of 
concentrated sulphuric acid added, and the mixture gently 
heated; a deep-red solution is formed. On pouring the latter 
into a large volume of water, an orange-yellow solution is 
obtained, which exhibits an intense green fluorescence. The 
addition of excess of sodium hydroxide solution intensifies the 
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fluorescence, and the colour of the solution changes to bright 
red. 

Under the influence of concentrated sulphuric acid, succinic anhydride (II) 
is flrst formed, and this condenses with the resorcinol (III) to yield succinyl- 
fluorescein (IV). 


CHa.COv 

1 )0+2CeH4(0H),- 

GH,.CO/ 

(11) (III) 


CH2.00\ 




CeH3(0H)\ 

C,H,(Oh/ 


0 (IV)+2H,0 


For the quinonoid structure, which is probably to be preferred, see 
the analogous formula for fluorescein in Section IV, 15, reaction S. 

7, Action of Heat, — ^When succinic acid or its salts are 
strongly heated in an ignition tube, a white sublimate of 
succinic anhydride C 4 H 4 O 3 is formed and irritating vapours are 
evolved. If the ignition is carried out on platinum foil or upon 
broken porcelain, the vapour bums with a non-luminous, blue 
flame, leaving a residue of carbon (distinction from benzoate). 


IV, 43. REACTIONS OF HYDROGEN PEROXIDE, H^Og 

This substance is marketed in the form of “10, 20, 40 and 100- volume” 
solutions. It is formed upon adding sodium peroxide in small portions to 
ice water: 

NagOg + 2H3O = H2O2 + 2NaOH 

Owing to the heat liberated in the reaction, part of the hydrogen peroxide 
is decomposed : 

2H2O3 = 2H3O + O3 

It is usually more convenient to employ a solution of hydrogen peroxide made 
alkaline with sodium hydroxide solution. A convenient source is the in- 
expensive sodium perborate NaB03,4H20; this yields hydrogen peroxide 
when its aqueous solution is heated : 

NaBOa + H^O = NaBOg + 

Use a dilute solution (say, 3 per cent) of hydrogen peroxide. 

1. ‘‘Perchromic Acid” Test. — If an acidified solution of 
hydrogen peroxide is mixed with a little diethyl ether {highly 
inflammable) y amyl alcohol or amyl acetate and a few drops 
of potassium dichromate solution added and the mixture gently 
shaken, the upper organic layer is coloured a beautiful blue. 
For further details, see Section IV, 33, reaction 4. The test 
will detect OT mg. of hydrogen peroxide. 

If ether is employed, a blank test must always be carried out with the ether 
alone because after standing it may contain organic peroxides which give the 
test. The peroxides may be removed by shaking 1 litre of ether with a 
solution containing 60 grams of FeSO^jTHgO, 6 ml. of concentrated H2SO4 
and 110 ml. of water, then with chromic acid solution (to oxidise any acetal- 
dehyde produced), washing with alkali and redistilling. The peroxides may 
also be removed by treatment with aqueous sodium sulphite. The use of 
amyl alcohol is, however, to be preferred. 


414 


QmliMive Inorganic Amlysis [IV^ 

" ,2,.. Potassiam Iodide-Starch Test.— If hydrogen /peroxide ^ 
is added to a solution containing potassium iodide and starch 
and acidified, a blue coloration of "‘starch iodide’' appears. 

^ ^ ^ 

3; Potassium Permanganate Solution: decolourised in 
acid solution and oxygen is evolved. 

: ■ 2KMn04 ; + 3H2SO4 + 5H2O2 

= K2SO4 + 2MnS04 + 50g + BH^O 

4, Titanic Sulphate Solution: orange-red, coloration (see, 
under Titanium, Section IX, 12, reaction <S). This is a very 
delicate test. 

The titanic sulphate solution may he prepared by heating 
titania with three times its volume of concentrated sulphuric acid, 
ooohng, diluting cautiously with ice water and filtering, if necessary. 

5. Potassium Ferricyanide-Ferric Chloride Test.— If a 
nearly neutral solution of pure feixic chloride is treated with a 
little pure potassium ferricyanide and the resulting yeUow 
solution mixed with a nearly neutral solution of hydrogen 
peroxide, the mixture will assume a green coloration and then, 
on standing, Prussian blue will separate. 

2[Fe(CNy-'“’' + H 2 O 2 = 2[Fe(CN)e]“”^'^^ + 2H+ + O 2 

Other substances, e.g, stannous chloride, sodium sulphite and 
sodium thiosulphate, wEl reduce potassium ferricyanide to 
potassium ferrocyanide so that this reaction alone is not always 
a reliable test. 

f The spot-test technique is as follow>s. In adjacent depressions of 
a spot plate place a drop of distilled water and a drop of the test solu- 
tion. Add a drop of the reagent (equal volumes of O' 5 per cent ferric 
chloride solution and 0*8 per cent potassium ferricyanide solution) to 
each. A blue coloration or precipitate is formed. 

Sensitivity: 0-1 ^g. H 2 O 8 . Concentration limit: 1 in 600,000. 

d. Gold Chloride Solution: reduced to finely divided 
metallic gold, which appears greenish-blue by transmitted light 
and brown by reflected light. 

2AuCl8 + 3 H 2 O 2 = 2Au + 6HCi + 302 

t The spot-test technique is as follows. Mix a drop of the neutral 
test solution with a drop of 0*01 per cent gold chloride solution in a 
micro crucible and warm. After a short time, the solution is coloured 
red or blue with colloidal gold. 

Sensitivity: 0*07 jug. H^Og. Concentration limit: 1 in 700,000. 
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f 7* Lead Sulphate Test. — -Hydrogen peroxide converts black lead 
sulphide into white lead sulphate: 

PbS + 4H2O2 = PbS04 + 4H2O 

Place a drop of the neutral or slightly acid test solution upon drop 
reaction paper impregnated with lead sulphide. A white spot is 
formed on the brown paper. 

Sensitivity: 0*04 p,g. HgO 2* Concentration limit: 1 in 1,250,000. 

The lead sulphide paper is prepared by soaking drop-reaction paper 
in a 0*05 per cent solution of lead acetate, exposing it to a little hydrogen 
sulphide gas and then drying in a vacuum desiccator. The paper will 
keep in a stoppered bottle. 

IV, 44 . REACTIONS OF HYDRO SULPHITES 
(HYPOSULPHITES OR DITHIONITES), S^O^" 

Hydrosulphites are obtained by the action of reducing agents, such as zinc, 
upon acid sulphites: 

2]SraHS03 -4- Zn -f SO^ == NaaSaO* + ZnSOg + HjjO 

Sulphur dioxide may also be passed into a cooled suspension of zinc dust in 
water: 

Zn + 2SO, ^ ZnSgO, 

The sodium salt may be obtained by double decomposition with sodium 
carbonate: 

ZnS204 -f- NagCOg = ZnCOa + Na2S204 

Sodium hydrosulphite is a powerful and important reducing agent. A 
solution of the salt containing excess of sodium hydroxide is used as an 
absorbent for oxygen in gas analysis. 

Use sodium hydrosulpMte, lSra2S2G4. 

1. Dilute Sulphuric Acid: orange coloration, which soon 
disappears, accompanied by the evolution of sulphur dioxide 
and the precipitation of sulphur. 

2H2S2O4 = 3SO2 + S + 2H2O 

2. Concentrated Sulphuric Acid: immediate evolution of 
sulphur dioxide and the precipitation of pale yellow sulphur. 

3 . Silver Nitrate Solution: black precipitate of metallic 
silver. 

4. Copper Sulphate Solution: red precipitate of metallic 
copper. 

5 . Mercuric Chloride Solution ; grey precipitate of metallic 
mercury. 

6. Methylene Blue Solution: immediate decolourisation in 
the cold. The methylene blue is reduced to the colourless 
leuco compound. 
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7* Indigo. Solution: reduced to the . colourless leuco com-,' 
pound, known as indigo white. 

Na2S204 + 2H2O = 2NaHS03 + 2H (nascent) 

:CaeHio02N2+2H==Ci^^^ , 

Indigo Indigo white 

The indigo solution is prepared by digesting 2 grams of indigo 
with 10 grams of fuming sulphuric acid (GdC/^PIOiV'), and then 
pouring very slowly into 1 litre of 4 per cent sulphuric acid. 

8. Potassium Ferrous Ferrocyanide Test. — ^Upon adding 
potassium ferrocyanide solution to a solution of a ferrous salt 
containing a little sodium hydrosulphite, a white precipitate 
of potassium feiTous ferrocyanide K2Fe[Fe(CN)0] is produced 
(compare Section III, 19, reaction 6). 

9. Action of Heat. — Upon heating sodium hydrosulphite, 
it suddenly evolves sulphur dioxide at about 190^ (exothermic 
reaction). The residue has lost its reducing power to indigo 
and methylene blue solution, being a mixture of sodium sul- 
phite and sodium thiosulphate. 

2l!s[a2S204 == !N'a2S03 -f- Na2S203 -f- SO2 

IV, 45. SPECIAL TESTS FOR MIXTURES OF 
ACID RADICALS’** 

i. Carbonate in the presence of Sulphite. — Sulphites, on 
treatment with dilute sulphuric acid, liberate sulphur dioxide 
which, like carbon dioxide, produces a turbidity with hme or 
baryta water. The dichromate test for sulphites is, however, 
not influenced by the presence of carbonates. To detect car- 
bonates in the presence of sulphites, treat the solid mixture 
with dilute sulphuric acid and pass the evolved gases through 
a small wash-bottle or boiling tube containing potassium di- 
chromate solution and dilute sulphuric acid. The solution will 
be turned green and the sulphur dioxide will, at the same time, 
be completely removed; the residual gas is then tested with 
lime or baryta water in the usual manner. 

An alternative procedure is to add a little solid potassium 
dichromate or a small volume of 10-volume hydrogen peroxide 
solution to the mixture and then to warm with dilute sulphuric 

* Full experimental details of the various teats referred to in this section 
will be found mder the reactions of the anions. Beference will be made to 
the “Na^COj prepared solution*’ and to the “NagCO^ practically neutral 
solution** (see ZO) as these are normally used in systematic analysis. A 
solution of the sodium salts of the various anions may, of course, be used in 
checking the procedures. 
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acid; the evolved gas is then passed through lime or baryta 
water. . 

2. Nitrate in the presence of Nitrite,— The nitrite is 
readily identified in the presence of a nitrate by treatment with 
dilute mineral acid, potassium iodide and starch paste (or 
potassium iodide-starch paper). The nitrate cannot, however, 
be detected in the presence of a nitrite since the latter gives the 
brown ring test with ferrous sulphate solution and dilute sul- 
phuric acid. The nitrite is therefore completely decomposed 
first by one of the following methods : 

(i) Boil with ammonium chloride solution until effervescence 
ceases.*^ 

(ii) Warm with urea and dilute sulphuric acid until evolution 
of gas ceases.* 

(iii) Add the solution to solid hydrazine sulphate; reaction 
takes place in the cold, and the danger of slight oxidation of 
nitrite to nitrate is thereby avoided. 

N2H4 + 2HNO2 = Ng + NgO + aHgO; 

N2H4 + HNO2 - NH3 + N2O + H2O 

(iv) Add a little sulphamic acid to the solution: 

HO.SO 2 .NH 2 +HNO 2 =^2 +H 2 SO 4 +H 2 O 

The sulphamic acid procedure is probably the simplest and 
most efficient method for the removal of nitrite in aqueous 
solution. 

The nitrate can then be tested for by the brown ring test. 

3. Nitrate in the presence of Bromide and Iodide. — 

The brown ring test for nitrates cannot be applied in the 
presence of bromides and iodides since the liberation of the free 
halogen wdth concentrated sulphuric acid will obscure the brown 
ring due to the nitrate. The solution is therefore boiled with 
sodium hydroxide solution until ammonium salts, if present, are 
completely decomposed; powdered Devarda’s alloy or alu- 
minium powder (or wire) is then added and the solution gently 
warmed. The evolution of ammonia, detected by its smell 
and its action upon mercurous nitrate paper (see Section III, 
36, reaction 1) and upon red litmus paper, indicates the 
presence of a nitrate. 

An alternative method is to remove the halides by adding saturated 
silver sulphate solution. Since silver sulphate is only slightly soluble 
in water, it is better to use ammoniacal silver sulphate solution. 

♦ Traces of nitrate are always formed m this reaction. 


14 
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This reagent eontains [Ag(NH3)2l2S04 and provides a high concen- 
tration of silver ions: it is prepared by dissolving 7*8 grams of pure 
silver sulphate in 25 ml of 4:N ammonia solution and diluting to 
100 ml, with water. The test solution is treated with sufficient of 
the reagent to precipitate all the halides; the silver halides are 
filtered off, a portion of the filtrate is carefully mixed with a five- 
fold excess of concentrated sulphuric acid, and tlie ferrous sulphate 
BolutiGn cautiously introduced down the side of the tube. 

i. Nitrate in the presence of Chlorate* — ^l^he :chlorate 
obscures the brown ring test. The nitrate is reduced to 
ammonia as described under 5 ; the oMorate is at the same 
time reduced to chloride, which may be tested for with silver 
nitrate solution and dilute nitric acid. 

If a chloride is originally present, it may be removed first 
by the addition of silver sulphate solution or ammoniacal silver 
sulphate solution. 

d. Chloride in the presence of Bromide and/or Iodide. 
— Method A, This procedure involves the removal of the 
bromide and iodide (but not chloride) by oxidation with potas- 
sium or ammonium persulphate in the presence of dilute sul- 
phuric acid. The free halogens are thus liberated, and may 
be removed either by simple evaporation (addition of water 
may be necessary to maintain the original volume) or by evapo- 
ration at about 80 *^ in a stream of air. 

KgSgOg 4 - 2KI = I2 + 2K2SO4; 

KgSgOg + 2KBr-. + 2H2SO4 == Brg + 4KHSO4 

Add solid potassium persulphate and 
dilute sulphuric acid to the ‘‘^Na2C03 
practically neutral solution *’ of the mixed 
halides contained in a conical flask; heat 
the flask to about 80 ®, and aapirate a 
current of air through the solution with 
the aid of a filter pump until the solution 
is colourless (Fig. JF, 45 , 1 ; T is a drawn- 
out capillary tube) . Add more potassium 
persulphate or water as may be found 
necessary. Test the residual colourless 
liquid for chloride with silver nitrate 
solution and dilute nitric acid.^ 

Bo not mistake precipitated silver sulphate for silver chloride. In a 
modification of this method, lead dioxide is substituted for potassium per- 
sulphate. Acidify the solution with acetic acid, add lead dioxide, and boil 
the mixture until bromine and iodine are no longer evolved. Filter, and 
test the filtrate, which should be colourless, with sSver nitrate solution and 
dilute nitric acid. 
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Method E, the '‘Na 2 C 03 practically neutral solu- 

tion’’ (see 20 below) of the halides with dilute nitric acid, add 
excess of silver nitrate solution, filter and wash until the 
washings no longer give the reactions of silver ions. Shake 
the precipitate with ammonium carbonate solution, filter and 
add a few drops of potassium bromide solution to the filtrate; 
a yellowish-white precipitate of silver bromide is obtained if a 
chloride is present. 

The hydrolysis of the ammonium carbonate in aqueous 
solution gives rise to free dilute ammonia solution in which 
silver chloride, but not silver bromide or silver iodide, is 
appreciably soluble. The addition of bromide ions to the 
solution of silver chloride in ammonia results in the solubility 
product of silver bromide being exceeded, and precipitation 
occurs. 

Alternatively, wash the precipitated halides until free from 
excess of silver nitrate solution, and then treat the precipitate 
with a cold, freshly prepared solution containing 4 per cent 
formaldehyde in OTA sodium carbonate solution: pour a little 
of the latter reagent through the filter several times. Test the 
filtrate for chloride with silver nitrate solution and dilute nitric 
acid. Silver bromide reacts slightly with the reagent yielding 
a faint opalescence ; silver iodide is unaffected. 

6. Chloride in the presence of Bromide. — ^Warm the 
solid mixture* with a little potassium dichromate and con- 
centrated sulphuric acid in a small distilling flask (Fig. /F, 2, 1), 
and pass the vapours, which contain chromyl chloride, into 
sodium hydroxide solution. Test for chromate, which proves 
the presence of a chloride, with hydrogen peroxide and amyl 
alcohol or with the diphenylcarbazide reagent. 

7. Chloride in the presence of Iodide. — Add excess of 
silver nitrate solution to the ‘‘Na 2 C 03 practically neutral 
solution” {see 20) and filter; reject the filtrate. Wash the 
precipitate with dilute ammonia solution and filter again. Add 
dilute nitric acid to the washings ; a white precipitate of silver 
chloride indicates the presence of ehloride. 

The separation is based upon the solubility of silver chloride 
in dilute ammonia solution and the practical insolubility of 
silver iodide in this reagent. ^ ^ ^ ^ ^ 

8. Bromide and Iodide in the presence of each other 
and of Chloride. — The presence of a chloride does not inter- 

* If a solution is being analysed, it should be evaporated to dryness before 
applying the test. Chlorates must, of course, be absent. 
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fere witli the reactions described below. To the “Na2C03 
prepared solution’’ strongly acidified with dilute hyclrochloric 
acid add 1-2 drops of chlorine water (the solution obtained by 
carefully acidifying a dilute solution of sodium hypochlorite 
with dilute hydrochloric acid may also be used) and 2-3 ml. of 
chloroform or carbon tetrachloride; shake; a violet colour in- 
dicates iodide. Continue the addition of chlorine water or of 
acidified sodium hypochlorite solution drop by drop to oxidise 
the iodine to iodate and shake after each addition. The violet 
colour will disappear, and a reddish-brown coloration of the 
chloroform or carbon tetrachloride, due to dissolved bromine 
(and/or bromine monochloride BrCl), will be obtained if a 
bromide is present. If iodide alone is present, the solution 
will be colourless after the violet colour has disappeared* 

9 . Chloride, Chlorate and Perchlorate in the presence 
of each other.— Each acid radical (anion) must be tested for 
separately. Divide the prepared solution” into 3 

parts. 

(i) Chloride: Acidify with dilute nitric acid and boil to expel 
carbon dioxide. Add silver nitrate solution ; a white precipitate 
of silver chloride indicates the presence of chloride. Silver 
chlorate and perchlorate are soluble in water. 

(ii) Chlorate, Any of the following methods may be used. 

(а) Acidify with dilute nitric acid and add excess of silver 
nitrate solution ; filter off the precipitated silver chloride. 
Now introduce a little chloride-free sodium nitrite (which 
reduces the chlorate to chloride) and more silver nitrate 
solution into the filtrate: a white, curdy precipitate of 
silver chloride indicates the presence of chlorate. 

Alternatively, the reduction may be effected by heat- 
ing the filtrate with a few ml. of 5-10 per cent formal- 
dehyde solution: a white precipitate of silver chloride 
forms if a chlorate is present. 

KCIO3 + 3 H.CHO = m + 3 H.COOH 

(б) Acidify with dilute sulphuric acid, add a little indigo 
solution followed by sulphurous acid solution : the indigo 
is bleached if a chlorate is present. 

(iii) Perchlorate. Pass excess of sulphur dioxide into the 
solution to reduce chlorate to chloride, boil off the excess of 
sulphur dioxide, and precipitate the chloride with silver sul- 
phate solution, afterwards removing the excess of silver with 
a solution of sodium carbonate. Evaporate the resulting solu- 
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tion to dryness and heat to dull redness (better in the pre- 
sence of a little halide-free lime) to convert the perchlorate 
into chloride. Extract the residue with water, and test for 
chloride with silver nitrate solution and dilute nitric acid. 

iC/ lodate and Iodide in the presence of each other — 
The addition of dilute acid to a mixture of iodate and iodide 
results in the separation of free iodine, due to the interaction 
between the liberated iodic and hydriodic acids. 

HIO 3 + 5HI =: 3 I 2 + 3 H 2 O 

Neither iodates nor iodides alone do this when acidified with 
dilute hydrochloric, sulphuric or acetic acids in the cold. 

Test for iodide in the ‘‘Na 2 C 03 practically neutral solution’' 
or in a solution of the sodium salts by the addition of a few 
drops of chlorine water (or acidified sodium hypochlorite solu- 
tion) and 2-3 ml. of chloroform or carbon tetrachloride; the 
latter is coloured violet. Add excess of silver sulphate solution 
to another portion of the neutral solution and filter off the 
silver iodide ; remove the excess of silver sulphate with sodium 
carbonate solution. Pass sulphur dioxide into the filtrate to 
reduce iodate to iodide, boil off the excess of sulphur dioxide, 
and add silver nitrate solution and dilute nitric acid. A yellow 
precipitate of silver iodide confirms the presence of iodate in 
the original substance. 

11, Phosphate in the presence of Arsenate. — Both 
arsenate and phosphate give a yellow precipitate on warming 
with ammonium molybdate solution and nitric acid, the latter 
on gentle warming and the former on boiling. 

Acidify the ‘‘Na 2 C 03 prepared solution” with dilute hydro- 
chloric acid, pass in sulphur dioxide to reduce the arsenate to 
arsenite, boil off the excess of sulphur dioxide (test with potas- 
sium dichromate paper), and pass hydrogen sulphide into the 
solution to precipitate the arsenic as arsenious sulphide; con- 
tinue the passage of hydrogen sulphide imtil no more precipi- 
tate forms. Eilter, boil off the hydrogen sulphide, and test the 
filtrate for phosphate by the ammonium molybdate test or with 
the magnesium nitrate reagent. 

An alternative method for the elimination of arsenate is the 
following. Acidify the Na 2 C 03 prepared solution ” with dilute 
hydrochloric acid and then add about one-quarter of the 
volume of concentrated hydrochloric acid (the total volume 
should be about 10 ml.). Add 0-5 ml. of 5 per cent ammonium 
iodide solution, heat to boding, and pass hydrogen sulphide 
into the boiling solution until precipitation is complete (5-10 
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miBufces). Fil^^ off the arsenious atilphid©, and boil off the 
hydrogen sulphide from the filtrate. Add ammonia solution 
until alkaline and excess of the magnesium nitrate reagent. 
A' white precipitate indicates the presence of a phosphate. 

AS2O5 4HI = AS2O3 2H2^' “"b 2I2J 
AS2O3 d" 3112 ^ “ AS2S3 “f" 3H2O5 
. 2I2 4- 2H2S ^ 4HI + 2S ■ 

12 , Phosphate, Arsenate and Arsenite in the presence 
of each other. — Treat the -'NagCOs prepared solution” with 
dilute sulphuric acid until acidic, warm to expel carbon di- 
oxide, render Just alkaline with dilute ammonia solution and 
filter, if necessary. Add a few ml, of the magnesium nitrate 
reagent and allow to stand for 5- 10 minutes: shake or stir 
from time to time. Filter off the white, cryvStalline precipitate 
of magnesium ammonium phosphate and/or magnesium ammo- 
nium arsenate (A), and keep the filtrate (J3). Test for arsenite 
in the filtrate (J5) by acidifying with dilute liydrochloric acid 
and passing hydrogen sulphide, when a yellow precipitate of 
arsenious sulphide is immediately produced if arsenite is 
present. 

Wash the precipitate (A) with ammonia solution, and 
remove half of it to a small beaker with the aid of a clean 
spatula. Treat the residue on the filter with a little silver 
nitrate solution containing a few drops of dilute acetic acid: 
a brownish-red residue (due to Ag3As04) indicates arsenate 
present. If the residue is yellow (largely Ag3P04), pour %N 
hydrochloric acid through the filter a number of times, and 
add a little potassium iodide solution and 1-2 ml. of chloroform 
or carbon tetrachloride to the extract and shake ; if the organic 
layer acquires a purple colour, an arsenate is present. 

Dissolve the white precipitate in the beaker in dilute hydro- 
chloric acid, reduce the arsenate (if present) with sulphur di- 
oxide or, better, with ammonium iodide solution (as described 
under 11 ), precipitate the arsenic as arsenious sulphide with 
hydrogen sulphide and boil off the hydrogen sulphide in the 
filtrate. Render the filtrate { 0 ) slightly ammoniacal and add 
a little magnesium nitrate reagent: white, crystalline mag- 
nesium ammonium phosphate will be precipitated if a phosphate 
is present. Filter off the precipitate, wash with a little water, 
and pour a little silver nitrate solution (containing a few drops 
of dilute acetic acid) over it: yellow silver phosphate will be 
formed. Alternatively, the ammonium molybdate test may be 
applied to the filtrate (C) after evaporating to a small volume. 
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13, Sulphide, Sulphite, Thiosulphate aud Sulphate in 
the presence of each other.^ — ^Upon tlie addition of dilute 
acid to the mixture, the hydrogen sulphide, liberated from the 
sulphide, and the sulphur dioxide, liberated from the sulphite 
and thiosulphate, react and sulphur is precipitated ; this com- 
plication necessitates the use of a special procedure for their 
separation. 

A mixture of the sodium salts or '‘Na 2 C 03 prepared solution 
is employed for this separation. 

Shake the solution with excess of freshly precipitated CdCO g, and filter. 

Residue. CdS and Filtrate. Add Sr(N03)2 
excess of CdCOa. excess, shake, allow to stj 
Wash and reject filter, 
washings. Digest 
residue with dilute 

acetic acid to remove Residue. SrSOg and 
excess of carbonate. SrS04. Wash, treat with 
A yellow residue indi- dilute HCl and filter, 
cates sulphide. Con- 
firm by warming with “ ~ 

^lute HCl test Residue. Filtrate, 
the evolved H^S with grgo4. Contains 

lead acetate paper. White. sulphurous 

Sulphate acid. Add a 

present. few drops 

Confirm by of a dilute 

fusion with solution of 

NagCOg and iodine; the 

apply sodium latter is de- 

nitroprusside colourised.f 

test. Sulphite 

present. 

An alternative procedure for the removal of the sulphide 
is the following. Treat the solution of the sodium salts with 
a solution of zinc hexammine hydroxide [Zn(NH 3 )g](OB [)2 
{prepared by adding ammonia solution to zinc nitrate solution 
until the initial precipitate of zinc hydroxide has redissolved, 
and then adding a further excess : 

Zn(OH)2 + 6NH3 = [Zn(NH3)6]{OH)2} 
when zinc sulphide will be precipitated and is filtered off. The 
precipitate may be treated with dilute hydrochloric acid and a 
few drops of copper sulphate solution, when a black precipitate 

* Solubility in grams per litre; SrS^Os, 250 13°; SrSO^, 0*033 at 17°. 

t Alternatively, add a few drops of fuohsin reagent; if it is decolourised, 
sulphite is present. 



solution*'* in slight 
bnd overnight and 


Filtrate. Con- 
tains SrSgOs. 
Acidify with 
dilute HCl and 
boil; S O 2 is 

evolved and S is 
slowly precipi- 
tated. 

Thiosulphate 

present. 
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of cupric sulphide will indicate sulphide, or it may be tested 
for sulphide in the usual maimer. 

A simple method for separating sulphite and sulphate 
consists in acidifying the neutral solution of the alkali salts 
with dilute hydrochloric acid and adding excess of barium 
chloride solution; the sulphate is precipitated as barium sul- 
phate and is removed by filtration. The production of a 
further precipitate of barium sulphate upon the addition to 
the filtrate of a little concentrated nitric acid or of bromine 
water and wanning, proves the presence of sulphite. 


li. Sulphide, Sulphite and Thiosulphate in the presence 
of each other.— It is assumed that the solution is slightly 



alkaline and contains the sodium salts 
of the anions, e.g. the “NagOOs pre- 
pared solution. ” 

(i) Test a portion of the solution 
for sulphide with sodium nitroprusside 
solution. The formation of a purple 
coloration indicates the presence of a 
sulphide. 

(ii) If sulphide is present, remove it 
by shaking with freshly precipitated 
cadmium carbonate and filter. Test a 
portion of the filtrate with sodium 
nitroprusside solution to see that all 
the sulphide has been removed. When 
no sulphide is present, treat the re- 
mainder of the filtrate with a drop of 
phenol-phthalein solution and pass in 
carbon dioxide until the solution is 
decolourised by it. Test 2-3 ml. of 
the colourless solution with 0-5-1 ml. 


Fig. IV, 45, 2 of the fuclisin reagent. If the re- 
agent is decolourised, the presence 

of sulphite is indicated. 

(iii) Treat the remainder of the colourless solution with 
dilute hydrochloric acid and boil for a few minutes. If sul- 
phur separates, a thiosulphate is indicated. Alternatively, the 
nickel ethylenediamine nitrate test (Section IV, 5, reaction 9) 
may be applied. 


15. Borate in the presence of Copper and Barium Salts. 
— ^When carr^g out the ethyl borate test for borates (Section 
IV, 23, reaction 2), it must be remembered that copper and 
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barium salts may also impart a green colour to tbe alcohol 
flame. The test may be carried out in the following way when 
salts of either or both of these metals are present. The 
mixture of the borate, concentrated sulphuric acid and ethyl 
alcohol is placed in a small round-bottomed flask, fitted with a 
glass jet and surmounted by a wide glass tube, which acts as 
a chimney ” (Fig. JF, 45, 2), The mixture is gently warmed, 
and the vapours ignited at the top of the wide glass tube. A 
green flame confirms the presence of a borate. 

An alternative procedure is given in Section VII, 3, test (ix). 

16, Fluoride, Silicofluoride and Sulphate in the pre- 
sence of each other.— The following differences in solubilities 
of the lead salts are utilised in this separation : lead silicofluoride 
is soluble in water; lead fluoride is insoluble in water but 
soluble in dilute acetic acid; lead sulphate is insoluble in water 
and in boiling dilute acetic acid, but soluble in concentrated 
ammonium acetate solution. 


Add excess of lead acetate solution to the solution of the alkali metal 
salts, and filter cold. 

Residue. Wash well with cold water. 

Divide into two parts. 

(i) Smaller portion. Add excess of dilute acetic ' 
acid and boil (this will dissolve any lead fiuoride). 1 
White residue indicates sulphate. The residue is 
soluble in ammonium acetate solution. 

(ii) nargrer portion. Treat cautioiasly with concen- 
trated sulphuric acid and test with a moist glass rod. 
Milkiness of the water and etching of the tube in- 
dicates fluoride. 

Filtrate. Add 
Ba(N03)2 solu- 
tion and warm 
gently. White 
crystalline pre- 
cipitate indi- 
cates silico- 
fluoride. 


17, Oxalate in the presence of Fluoride.— Both calcium 
fluoride and calcium oxalate are precipitated by ammonium 
oxalate solution in the presence of dilute acetic acid. The 
fluoride may be identified in the usual manner with concentrated 
sulphuric acid or as described below. The oxalate is most 
simply detected by dissolving a portion of the precipitate in 
hot dilute sulphuric acid and then adding a few drops of a very 
dilute solution of potassium permanganate. The latter will he 
decolourised if an oxalate is present. 

Use may be made of the fact that even solid calcium fluoride 
reacts with the zirconium-alizarin-S reagent (compare Section IV, 
17, reaction 6) and, in consequence, the fluoride test may be carried 
out in the presence of oxalate and phosphate, which interfere in 
14* 
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aqueous solution. The calcium salts are precipitated in neutral or 
faintly basic solution. The precipitate is ignited and digested witL 
dilute acid. The residue is then tested for fluoride by adding a 
little of the zirconium-aiizjarin-S reagent: the red hue of the reagent 
disappears and a yellow coloration results. 

The reagent is prepared by dissolving 0*05 gram of zirconyl 
nitrate in 10 ml. of concentrated hydrochloric acid and 50 ml. of 
water, and this solution is mixed with a solution of 0*06 gram of 
sodium alizarin sulphonate in 50 ml. of water. 

. 18. Chloride and.Cyanide in the presence of each other. 
—Both silver chloride and silver cyanide are insoluble in water, 
but soluble in dilute ammonia solution. Three methods are 
available for the detection of cyanide in the presence of chloride, 

(i) The concentrated solution, or preferably the solid mixture 
of sodium salts, is treated with about 5 times its weight of 
‘*100 volume’’ hydrogen peroxide and the mixture gently 
warmed; ammonia is evolved, which is recognised by its action 
upon mercurous nitrate paper. The solution is then boiled to 
decompose all the hydrogen peroxide, and then tested for 
chloride with silver nitrate solution and dilute nitric acid. 

NaCN + HgOg = NaCNO + HgO; 

NaCNO + 2 H 2 O = NaHCOg + NH 3 

(ii) The cyanide is precipitated as the pale green nickel 
cyanide by the addition of excess of a solution of nickel sul- 
phate to the neutral solution; the whole is filtered and the 
excess of nickel sulphate removed by boiling with sodium 
hydroxide solution and filtering off the precipitate of nickel 
hydroxide. The filtrate is acidified with dilute nitric acid and 
excess of silver nitrate solution added. A white, curdy pre- 
cipitate of silver chloride coifiSrms the presence of chloride. 

(iii) The solution of the mixed sodium salts is treated with 
excess of solid sodium bicarbonate (see Fig. IF, 2, 1 ), the 
mixture warmed, and the evolved hydrogen cyanide passed 
into silver nitrate solution acidified with dilute nitric add; a 
white precipitate of silver cyanide is obtained. This method 
can be employed in the presence of ferrooyanides, ferrioyanides 
and thiocyanates. 

For the detection of cyanide, chloride, bromide and iodide 
in the presence of one another the cyanide is first completely 
removed, and the separation of chloride, bromide and iodide 
carried out as detailed under 8, 

The cyanide can also be detected by the usual Prussian blue 
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test or ^'ferri-thiocyanate’Vtest (Section IV, 8, reactions 4 
and 6), 


19, Ferrocyanide, Ferricyanide and Thiocyanate in the 
presence of each other. 


Acidify the “ NagCOa practically neutral solution ’’ of the sodium salts 
with acetic acid, add excess of a solution of thorium nitrate and a little 
Gooch asbestos and shake well; filter. 

Residue. Th[Fe(C3Sr)e] and 
asbestos (the latter is added to 
facilitate filtration of the gela- 
tinous precipitate).* Wash 
with a little cold water. Treat 
the ppt. on the filter paper with 
dilute NaOH solution; acidify 
the alkaline extract with dilute 
HGl and add a few drops of 
FeClg solution. 

A precipitate of Prussian blue 
indicates ferrocyanide. 

Filtrate. Add CdS 04 solution and 
a little Gooch asbestos, shake, filter. 

Residue. Orange. 
Cd 3 [Fe(CISr)Jg and 
asbestos. Extract 
with NaOH solution, 
acidify extract with 
dilute HCl, add freshly 
prepared FeSO^ solu- 
tion. Ppt. of Prussian 
blue indicates ferri- 
cyanide. 

Filtrate. 
Add FeClg 
solution and 
ether. Red 
coloration of 
ether proves 
presence of 
thiocyanate. 


20, Separation of Organic Acids (Oxalate, Tartrate, 
Citrate, Benzoate, Succinate, Acetate, Formate and Sali- 
cylate in the presence of each other).— Intimately mix the 
mixture of acids and/or their salts with 3-4 times the bulk of 
anhydrous sodium carbonate, add just sufficient water to dis- 
solve the sodium carbonate, heat under reflux for 15 minutes, 
and filter. Wash and neglect the residue. The filtrate will be 
termed the “NagCOg prepared solution.” Treat the com* 
bined filtrate and washings with dilute nitric acid a little at a 
time with stirring until acid (use litmus paper test), boil gently 
to expel carbon dioxide and allow to cool. Add dilute ammonia 
solution portionwise and with stirring until just alkaline. 
Filter, if not clear. It is advisable to boil gently for a minute 
or two to remove any appreciable excess of ammonia. The 
resulting solution will be free from heavy metals and almost 
neutral. It will be referred to as the “NagCOs practically 
neutral solution. ”t 

* Filter paper pulp {e.g, in the form of a Whatman filtration accelerator) 
cannot be used as the organic matter may cause appreciable reduction of the 
ferricyanide. 

t See Section VII, 17, tests 4 and 5 for a slightly modified procedure. 
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Add CaClg solution to the cold “NagCOa practically neutral solution/* 
rub , sides of , vessel with a glass rod, allow to stand for 10 .minutes ^ with 
.■occasional shaking; filter. 


Residue. May be Ca 
oxalate (formed imme- 
diately) or Ca tartrate 
(formed on standing).* 
Wash. Boil with dilute 
acetic acid and filter. 


Filtrate. Add more CaCl 2 solution, boil 
imder reflux for at least fi minutes. A ppt. 
may form gradually ; filter. 


' Residue. 
CaCgO^, 
Dissolve in 
a little 
dilute HCl, 
add NHa 
solution 
in slight 
excess* 
White ppt. 
insoluble 
in dilute 
acetic acid. 
Oxalate 
present. 
Confirm by 
resorcinol 
test, or by 
decolouris- 
ation of 
a dilute 
solution of 
acidified 
KMn 04 at 
60 - 70 ^ 


Filtrate. 
May con- 
tain Ca 
tartrate. 
Test 
neutral 
solution 
with 
Fenton’s 
reagent, 
violet 
coloration 
(see Note), 
or by silver 
mirmr test 
for tartrate. 
Confirm 
by copper 
hydroxide 
test. 


Residue. 
Ca citrate. 
White. 
Citrate 
present. 
Divide 
into 2 
parts. 

(i) Con- 
firm by 
Denigls’ 
test. 

(ii) Dis- 
solve in 
dilute 
HCI, con- 
vert into 
neutral 
solution 
with 

NHj solu- 
tion, etc., 
and add 

Cda* 

solution. 

White 

gelatinous 

precipi- 

tate. 


Filtrate. If citrate present, 
evaporate to dryness on water , 
bath, add aiittle cold water, nnd' 
filter from any residue of Ca 
citrate. 

If citrate , absent, proceed 
with solution. 

Add FeCia solution; filter 
(if necessary). 


Residue. 

Ferric 

benzoate 

and/or 

ferric 

suc- 

cinate. 

Separate 

by 

procedure 

A, 


Filtrate. Coloured. 


Dilute, 

filter. 

boil and 

Residue. 

Filtrate. 

Basic 

Coloured, 

ferric 

(a) Vio- 

formate i 

let — sali- 

and basic 

cylate. 

I ferric I 

Confirm 

1 acetate. 

by .*■* oil ■: 

Separate 

of winter- 

i by pro- 

green” 

cedure B, 1 

test, i 


(6) Deep 
blue or 
greenish 
black — 

gallate 
or tan- 

nate.f ' 


Note , — ^With Fenton's reagent and a neutral solution of a citrate, 
a yellow or brown colour is obtained, but there is no precipitation 
of iron ; with an oxalate, the iron is precipitated as the hydroxide. 


Procedure A 

Separation of benzoate and succinate. — ^Boil the precipi- 
tated ferric salts with a little dilute ammonia solution, filter off 

* It must be remembered that phosphates, fluorides, sulphates, etc., are 
precipitated by calcium chloride solution. 

f Gallates and tannates are of rare occurrence in general qualitative analysis. 
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the precipitated ferric hydroxide and discard the precipitate ; 
boil off the excess of ammonia from the filtrate. Divide the 
filtrate into two parts. 

Treat one portion with barium chloride solution and filter off 
precipitate formed. The residue consists of barium succinate. 
Confirm the succinate by the fluorescein test. Acidify the 
second portion of the filtrate with dilute hydrochloric acid, 
when benzoic acid will separate out on cooling. It can be 
identified by its melting point. 

Procedure B 

Formates and Acetates in the presence of each other 

Formate, (i) In the absence of tartrates, citrates and reducing 
agents. Add silver nitrate solution to the ‘‘lSra 2 C 03 practically 
neutral solution’^; a white precipitate, which is converted into 
a black deposit of silver on boiling, indicates formate. A little 
of the solid substance may be treated with concentrated sul- 
phuric acid, when carbon monoxide (burns with blue flame) 
will be evolved in the cold. 

(ii) In the presence of tartrates, citrates and reducing agents. 
Acidify the mixture with dilute sulphuric acid and distil. A 
solution of formic and acetic acids will pass over. Neutralise 
distillate with dilute ammonia solution, boil off excess of 
ammonia (if necessary) and test as in (i). 

Acetate. If other organic acids are present, obtain the 
solution of mixed acids as in (ii) ; otherwise, use the “Na 2 C 03 
practically neutral solution. ■’ Boil under reflux with an equal 
volume of potassium dichromate solution and dilute sulphuric 
acid; this will decompose the formic acid. Distil off the acetic 
acid, neutralise and test with ferric chloride solution. 

If the solid is available, the cacodyl test may be employed. 

For other methods of separation and detection of selected 
anions, see Section VII, 17, Tables A and C, 



CHAPTER V 


SYSTEMATIC MACRO QUALITATIVE INORGANIC 
■ ANALYSIS; FOR ELEMENTARY STUDENTS*; ' 

It is .assumed that the stMent .is already , fam.iliar .with the 
operations (ignition tests, blowpipe tests, flame tests, borax 
bead tests, precipitation, filtration, etc.) described in Chapter II 
(Sections II, 1 and. H, 2). ■ - For the cations, a limited number 
of preliminary reactions shonld fimt be studied, followed by 
the analysis of a mixture or solution containing a member or 
members of each group. This will pro vide practice at the very 
outset in the use of the Group Separation Tables. The volume 
of the initial solution should be kept as small as possible (1 mL 
is a convenient volume) as should also the weight of solid used 
(say, >0^5 gram). The student should pay particular atten- 
tion to (i) the exact experimental conditions for the reaction, 
(ii) the colour and physical characteristics (e.g. whether crystal- 
line, amorphous or gelatinous) of each precipitate and (iii) the 
solubility of each precipitate in excess of the precipitant, or in 
solutions of other reagents. He should, as far as possible, 
represent the chemical reactions by ionic equations and then 
check his own equations against the molecular equations given 
in the text. This will give the student excellent practice in 
writing and balancing equations, and also help to impress the 
reactions upon his {or her) memory. 

Droppers* — ^The so-called ''medicine droppers'’ and also the 
similar dropper pipettes (the latter have a longer tip) may be 
purchased and are inexpensive. They are very useful for 
adding small volumes of reagents (particularly dropwise) and 
also for washing precipitates. If calibrated, say at 0*5 ml. 
intervals, droppers may be employed for measuring small 
volumes. The rubber teat (bulb) should be removed and the 

♦ This chapter has been retained in the present edition as it appears to 
meet the wishes of numerous coriespondents. It covers the requirements of 
those who desire a brief introductory course and have only a limited time at 
their disposal- Additional anions {e,g^ fluoride, borate and phosphate) can 
be readily introduced if required. The abbreviated course will be found suit- 
able for the General Certificate of Education (Advanced Level), for the Inter- 
mediate Science Examinations of the various Universities, for the Ordinary 
National Certificate in Chemistry, and for examinations of similar scope. 
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glass tube thoroughly rinsed with distilled water immediately 
after use. 

Droppers can be readily made by the student as follows. 
Draw out a length of glass tubing (about 20 cm. long and of 
about 7 mm. diameter) in the centre by suitably heating in a 
flame: the narrow part of the tube should be about 3 mm. 
external diameter. Cut the tube in the middle of the drawn- 
out portion, and thus obtain two jets. Heat the wider end 
and enlarge it with the aid of a file so that it will securely hold 
a rubber teat (bulb). The teat should be of such size that 
liquid cannot be drawn into it. The dropper may be calibrated 
by holding it vertically after fiUing with distilled water and 
allowing the water to flow dropwise into a small measuring 
cylinder : 0*5 ml. intervals should be marked by means of a 
file or “glass ’’ pencil. The number of drops (preferably about 
20 per mi.) should also be determined. 

V, 1. Abbreviated Course of Instruction,— The following 
preliminary reactions should be carried out by the student. 

REACTIONS OF THE CATIONS 
Fb++ Section III, 2, reactions I, 2, 3, 4; blowpipe test. 

Section III, 3, reactions I, d, 7. 

Ag+. Section III, 4, reactions I, 2, d; blowpipe test. 

Identification of a metal in the solution supplied by the teacher 
by means of Table I (Section III, 5), 

Section III, 6, reactions i, 2, 3; dry test. 

Bi+++. Section III, 7, reactions i, 3, d, 6, 10, 

Cu++. Section III, 8, reactions 1, 2, 3, 4, 5, 8 \ dry test. 

Cd++. Section III, 9, reactions I, 3, 4; dry test. 

Identification of a metal or metals in the solution supplied by 
means of Table II or HA (Section III, 10). 

As (ous). Section III, 11, reactions I, 2, 3. 

As (ic). Section III, 12, reactions I, 2, 3, 4. 

Sb (ous). Section III, 14, reactions i, 2, 8. 

Sn++. Section III, 16, reactions, I, 2, 3. 

Sn++++. Section III, 17, reactions 1, 3, 4. 

Identification of a metal or metals in the solution supplied by 
means of Table III or IIIA (Section III, 18), 

Fe++. Section III, 19, reactions J, 2, 3, 4, d, 7, 3. 

Fe+++. Section III, 20, reactions i, 2, 3, 4, 5, d, 10, 

Ai+++, Section III, 21, reactions i, 2, 3, 7; dry test. 

Section III, 22, reactions i, 2, 3, d; dry test (iii). 

Identification of a metal or metals in the solution supplied by 
paeans of Table IV (Section III, 23). 
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€0+.+,., 'Section III, 24, reactions 1, 2^ 5, 5, 6, 7; dry test'{ii). ■ 
Section III, 25, reactions 1,- 2, 3, d, 7, ,'5; d.ry test,(ii). ' 
Section. Ill, 26, reactions I, 2, 5, 5, 7; dry test, (ii)/ 

Zn++. Section III, 27, reactions I, 2, 5, d, 5, 9; dry test. 

'Identification of a metal or metals in the solution supplied by 
means of Table V (Section III, 28). 

Ba++.' Section III, 29, reactions I, 2, 3, 4, 6; dry test. 

Sr++. Section lO, 30, reactions i, 2, 3, 3, 6; dry test. 

Ca++. Section HI, 31, reactions i, 2, 3, 3, 6*; dry test. 

Identification of a metal or metals in the solution supplied by 
means of Table VI (Section III, 32). 

Mg++. Section III, 33, reactions, 1, 2, 3, 3, 7, 3; dry test. 

K+. Section III, 34, reaction 1; dry test. 

Na+* Section III, 35, reaction 1 ; dry test, 

NH4+. Section in, 36, reactions i, 3, 7 ; dry test. 

Identification of a metal or metals in the solution supplied by 
means of Table VII (Section III, 37). 

REACTIONS OF THE ANIONS 
C03‘"~* Section IV, 2, reactions 1, 2. 

HCOs”. Section IV, 3, reactions (i), (ii), (iii). 

SOa""”*. Section IV, 4, reactions 1, 2, 4, 3, 9, 10, 

• Section IV, 5, reactions 1, 2, 3, 3, 3. 

S Section IV, 6, reactions I, 2, 3, 3, 6, 

NOg”. Section IV, 7, reactions i, 2, 7, Id. 

’^SCN”'. Section IV, 10, reactions i, 2, 3, 3. 

Cl”". Section IV, 14, reactions 1, 2, 3. 

Br"", Section IV, 15, reactions 1, 2, 3, 3, 3. 

I”. Section IV, 16, reactions I, 2, 4, 7. 

Section IV, 17, reactions i, 2, 3. 

NOg*”. Section IV, 18, reactions i, 2, 3, 4. 

’^ClOg"’. Section IV, 19, reactions I, 2, 3, 7, 10, 

804“'"*. Section IV, 24, reactions i, 2, 5, 3. 

P04““. Section IV, 28, reactions 1, 3, 4, 3, 3. 

Cr04 . Section IV, 33, reactions 4, 2, 4, 3, 3, 

*C2 Hs 02'" (acetate). Section IV, 35, reactions 4, 2, 3, 4, 3. 

*^204 "" (oxalate). Section IV, 37, reactions 4, 2, 3, 4. 

V, 2. Systematic Analysis. General Considerations, — 
The student must realise that the object of qualitative analysis 
is not simply to detect the constituents of a given mixture; an 
equally important aim is to ascertain the approximate relative 
amounts of each component. For this purpose about 0*5 gram 
of material is usually employed for the analysis: the relative 
magnitudes of the various precipitates will provide a rough 
guide as to the proportions of the constituents present. 

* To be studied at the discretion of the teacher. 
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Every analysis is divided Into three parts : 

(1) The preliminary examination. This includes preliminary 
examination by dry tests, examination of the volatile products 
with sodium hydroxide solution (for ammonium), and with 
dilute and concentrated sulphuric acid (for acid radicals or 
anions). A special preliminary test for nitrate and/or nitrite 
is also made here. 

(2) The examination for acid radicals {or anions) in solution. 

(3) The examination for metal ions {or cations) in solution. 

V, 3. PRELIMINARY TESTS 

Test (i). Heating in a closed tube. — ^Place about 0-1 gram 
of the substance in a dry ignition tube so that none of it remains 
adhering to the sides and heat cautiously; the tube should be 
held in an almost horizontal position. Raise the temperature 
gradually and carefully note any changes which take place. 

[Table on p. 434] 


Test (ii). Charcoal block reductions. 

{a) Heat a little of the substance (ea. 0*1 gram) in a small 
cavity in a charcoal block in a blowpipe flame. 


Observation 

Inference 

L The substance decrepitates. 

2. The substance deflagrates. 

3. The substance is infusible or incan- 
descent, or forms an incrustation upon 
the charcoal. 

Crystalline salts, e.g. NaCl, KCl. 
Oxidising agents, nitrates, 

nitrites and chlorates. 

Apply test (6) below. 


(6) Mix the substance (ca. 0*1 gram) with twice its bulk of 
anhydrous sodium carbonate, place it in a cavity in a charcoal 
block and heat in the reducing flame of the blowpipe. 


Observation ^ 

Inference 

1. Incrustation without metal: 


White, yellow when hot. 

ZnO. 

Wliite. garlic odour. 

ASgOg. 

Brown. 

CdO. 

2. Incrustation with metal: 


White incrustation; brittle metal. 

m. 

Yellow incrustation; brittle metal. 

Bi. 

Yellow incrustation; grey and soft ; 

Pb. 

metal, marks paper. i 


3. Metal without incrustation; i 


Grey metallic particles, attracted by 

Pe, Ni, Co. 

magnet. 


Malleable beads. 

Ag and Sn (white); Cu (red 


flakes). 
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OhBmfUion ■ ■ Infereme " 

|si) A gas or vapour is evolved. 

1. Water is evolved; test with litmus Compounds with water of 

paper. crystaUisation (often accom- 

panied by change of colour), 
ammonium salts, acid salts 
and hydroxides. 

The water is alkaline. Ammonium salts. 

The water is acid. Readily decomposable salts of 

strong acids. 

2. Oxygen is evolved (rekindles a glow- Nitrates, chlorates and certain 

ing splint). oxides. 

3. Nitrous oxide (rekindles glowing Ammonium nitrate or nitrate 

splint), and steam are evolved. ^ mixed with an ammonium 

salt. 

4. Dark brown or reddish fumes (oxides Nitrates or nitrites of heavy 

of nitrogen) ; a<udic in reaction. metals* * 

5. Carbon dioxide is evolved (lime water Carbonates or bicarbonates, 
is rendered turbid). 

6. Ammonia is evolved (turns rad litmus 
paper blue). 

7. Sulphur dioxide is evolved (odour of 
burning sulphur; turns potassium di- 
chromate paper green; decolourises 
fuchsia solution). 

8. Hydrogen sulphide is evolved (odour 
of rotten eggs; turns lea<i acetate 
paper black or cadmium acetate paper 
yellow), 

9. Chlorine is evolved (yellowish-green Unstable chlorides, e.g. of 
gas; bleaches litmus paper; turns copper; chlorides in the 
potassium iodide-starch paper blue); presence of oxidising agents. 
mry poisonom, 

10. Bromine is evolved (reddish-brown Sources similar to ehiorine. 
vapour; choking odour; turns fluo- 
rescein paper red). 

11. Iodine is evolved (violet vapours Free iodine and certain 

I condensing to black crystals). iodides. 


(b) A sublimate is formed. 

1. White sublimate.* 

2. Grey sublimate, easily rubbed to 
globules. 

3. Steel-grey sublimate; garlic odour. 

4. Yellow sublimate. 


* If a white sublimate forms, heat with four times the bulk of anhydrous 
Na^COg and a little KCN in an ignition tube. A grey mirror, convertible 
into globules on rubbing with a glass rod, indicates Hg {Note: Hg vapour 
is very pouonous); a brownish-black mirror, yielding a white sublimate 
and an odour of garlic when heated in a wide tube, indicates As; ammonia 
evolved (test with mercxxrous nitrate paper) indicates ammonium salts. 


Ammonium and mereurie 
salts ; AsgOj ; ShgO®. ' ■ 

Hg. 

As. 

S (melts on heating), As^Sg, 
Hgig (red when rubbed with 
a glass rod). 


Ammonium salts. 

Normal and acid sulphites; 
thiosulphates; certain sul- 
phates. 

Hydrated sulphides or sul- 
phides in the presence of 
water. 
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Test (Mi). Flame colorations.— Place a small quantity of 
the substance (cc3&, Q;05 gram) on a watch glass, moisten with a 
little concentrated hydrochloric acid and introduce a little of 
the substance on a clean platinum wire into the base of the 
non-luminous Bunsen flame. An alternative method is to dip 
the platinum wire into concentrated hydrochloric acid con- 
tained in a watch glass or test-tube and then into the substance ; 
sufiicient will adhere to the platinum wire for the test to be 
carried out. 


Observation 

Inference 

Persistent golden-yellow flame. 

Na. 

Violet (lilac) flame (crimson through 

K. 

cobalt-blue glass). 


Brick-red (yellowish-red) flame. 

Ca. 

Crimson flame. 

Sr. 

Yellowish-green flame. 

Ba. 

Livid-blue flame (wire slowly corroded). 

Pb, As, Sb, Bi, Cu. 


The sodium flame masks that of other elements, e.g. that of 
potassium. Mixtures can be readily detected with a direct- 
vision spectroscope. A less delicate method is to view the 
flame through two thicknesses of cobalt-blue glass, whereby 
the yellow colour due to sodium is masked or absorbed ; potas- 
sium then appears crimson. 

Test (iv). Borax bead reactions.— Make a borax bead in 
a loop of platinum wire by dipping the hot wire into borax and 
heating until colourless and transparent. Bring a minute 
quantity of the substance into contact with the hot bead and 
heat in the outer or oxidising flame. Observe the colour when 
the bead is hot and also when it is cold. Heat the bead in the 
inner or reducing flame and observe the colour in the hot and 
cold states. Coloured beads are obtained with compounds of 
copper, iron, chromium, manganese, nickel and cobalt; the 
most characteristic result is for cobalt. 


Oxidising flame 

Redvmng flame 

Metal 

1. Green when hot; blue 
when cold. 

Colourless when hot 
or opaque-red when cold. 

Cu 

2. Yellow, hot and cold. 

Green, hot and cold. 

Fe. 

3. Dark yellow when hot, 
green when cold. 

Green, hot and cold. 


4. Violet (amethyst), hot and 
cold. 

i Colourless, hot and cold. 


5. Blue, hot and cold. 

Blue, hot and cold. 

Co. 

6. Beddish-brown when cold. 

Grey when cold. 

Ni. 
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...Test. (v). Test for the ammooiam radical*— Boil .about ^ 
0*2 gram of the substance with 2-3 mi sodium hydroxide 
solution. The evolution of ammonia, detected by its odour, 
its action upon litmus paper and upon mercurous nitrate paper, 
.indicates the presence of an ammonium salt. , . • . 

In order to avoid the necessity of holding the texst-paper 
(litmus, etc.) in the vapour, the following simple device may 
be used. A test-tube is fitted with a cork carrying a wide tube 
(at least half the diameter of the test-tube) about 5 cm. long; 
the bottom of the wide tube should protrude just below the 
cork (Pig. VII, 2, I). A test-paper can then be supported in 
the wide tube by simply folding it slightly over the upper edge 
of the glass tube. This device is recommended for all reactions 
op the macro scale in which evolved gases are identified by 
means of test-papers. 

Note , — Sodium hydroxide is a dangerous substance because of 
its destructive action upon the eyes. Great care should be taken 
that the test-tube containing the hot sodium hydroxide solution is 
directed away from the eyes of the observer and of near neighbours. 

Test (vi). Test for nitrate (or nitrite).— If ammonium is 
found, continue boiling until ammonia can no longer be detected 
by its action upon red litmus paper or upon mercurous nitrate 
paper; it may be necessary to add a further 2-3 ml. of sodium 
hydroxide solution. Then add a little zim dust or aluminium 
powder or finely powdered Devarda’s alloy (Cu, 50 per cent; 
Al, 45 per cent; Zn, 5 per cent) and warm the mixture gently. 
Remove the flame as soon as evolution of hydrogen commences 
and allow the reduction to proceed (the reaction may become 
vigorous with aluminium powder and cooling with tap water 
may be necessary to moderate the vigour of the reaction; 
alternatively, thin aluminium foil may be used). If ammo- 
nium is absent, add zinc dust or aluminium powder or Devarda’s 
alloy to the reaction mixture from test (v). If ammonia is 
evolved, as detected by its action upon red litmus paper or 
upon filter paper moistened with mercurous nitrate solution, 
then the presence of nitrate or nitrite is indicated. The pre- 
sence of nitrite will generally also be detected in the reaction 
with dilute sulphuric acid {see test (vii)}; if nitrite is absent, 
then the presence of nitrate alone is established. 

It must be emphasised that the mercurous nitrate paper test for 
ammonia is not applicable in the presence of arsenit^. Arsenites 
are reduced under the above conditions to arsine, which also 
blackens mercurous nitrate paper. Similar remarks apply to the 
tannic acid-silver nitrate test (Section III, 36, reaction 7). 
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Test (vii). Actioii of dilute sulphuric acid, — ^Treat about 
0*2 gram of the substance in a test-tube with 2-3 ml. dilute 
(2iV) sulphuric acid and note whether any reaction takes place 
in the cold (indicated by 0). Warm gently and observe the 
effect produced. 


Observation Inference 

1. Colourless gas is evolved with effervescence; COg from ca/rbona£e or 

gas is odourless and produces a turbidity when bicarbonate, 

passed into lime water (see Fig. IF, 1). (0) 

2. Nitrous fumes evolved; recognised by reddish- NOa from m^n^e, 
brown colour and odour. (C) 

3. Yellowish-green gas evolved; suffocating 01^ from hypochlorite, 
odour, reddens then bleaches litmus paper, 

also turns starch-KI paper blue; very 
poisonous, (C) 

4. Colourless gas evolved with suffocating odour ; SO 2 from sulphite, 
turns jSlter paper moistened with KjCraO^ 

solution green; decolourises fuchsin solution. 

5. Colourless gas evolved; gives above tests for SOg and S from thio- 

SOaJ sulphur is deposited in the solution. sulphate, 

6. Colourless gas evolved; odour of rotten eggs; HgS from sulphide,"^ 
blackens filter paper moistened with lead 

acetate solution; turns cadmixnn acetate 
paper yellow. 

7. Odour of vinegar. H.C2H3O2 from acetone. 

8. Colourless gas is evolved; rekindles glowing Og from peroxides or 

splint. per-salts of alkali and 

alkaline earth metals. 

9. Upon boiling, yellow solution formed and SO 2 SOg* etc., from thio- 

(fuchsin solution test, etc,) evolved. cyanate. 

Test (viii). Action of concentrated sulphuric acid. — 
Treat about 0*2 gram of the substance with 2-3 ml. of con- 
centrated sulphuric acid and warm the mixture gently, and 
incline the mouth of the test-tube away from you. (If chlorate 
is suspected from the preliminary charcoal reduction test to be 
present, use a very small quantity (less than 0*05 gram) for 
this test, as a dangerous explosion may result on warming.) 

If the substance reacted with dilute sulphuric acid, the 
addition of concentrated sulphuric acid may result in vigorous 
reaction and rapid evolution of gas, which may be accompanied 
by a very fine spray of acid. In such a case, it is best to add 
dilute sulphuric acid drop wise (best with a clean dropper) to 
another portion of the substance until action ceases, and then 
to add 3-4 ml. of concentrated sulphuric acid. 

* Many sulphides, especially native ones, are not affected by dilute HjSO*; 
some HgS is evolved upon warming with concentrated HCl alone or with a 
little tin. 
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The following results may be obtained. 


Observation 


Infereme 


L ' Colourless gas evolved with pungent odour 
and which fumes in the air; white fumes of 
]SrH 4 Cl in contact with glass rod moistened 
with concentrated NHg solution; Cl g evolved 
on addition of MnOg (reddens, then bleaches 
litmus paper). 

2. Gas. evolved with pungent odour, reddish 
colour and fumes in moist air; on addition 
of MnOg increased amount of red fumes with 
odour of Bcg (fumes colour filter paper 
moistened with fluorescein solution red). 

3. Violet vapours evolved, accompanied by 
pungent acid fumes, and often SOg and even 
HgS. 

4. Pungent acid fumes evolved, often coloured 
brown by NOg; colour deepens upon addition 
of copper turnings (if nitrite absent). 

Yellow gas evolved in the cold with charac- 
teristic odour; explosion or crackling noise 
on warming g&Yiily (DANGER!). 

6. “Oily” appearance of tube in cold; on 
warming, pungent gas evolved, which corrodes 
the glass; if moistened glass rod introduced 
into the vapour, a gelatinous precipitate of 
hydrated silica is deposited upon it. 

7# Colourless gas evolved; bums with a blue 
flame ; no charring {very poisonous), 

8. Colourless gas evolved; renders lime water 
turbid and also burns with a blue flame; no 
blackening. 

9. Yellow coloration in coldi upon warming, 
vigorous reaction, COS (bums with blue 
flame), SOg (decolourises fuchsin solution) 
and free S produced. 


HCi from okloride. 


HBr and from' 

bromide. 


H.I tmd Ig from iodide. 


HNOg' and NOg from 
nitrate, 

ClOg from chlorate. 


HF from fluoride. 


CO from formate, 

CO and COg from 
oxalate, 

COS, SOg and S from 
thiocyanate. 


V, 4. EXAMINATION FOR ACID RADICALS (ANIONS) 
IN SOLUTION 

The preliminary tests (vii) and (viii) with dilute sulphuric 
acid and with concentrated sulphuric acid will have provided 
useful information as to many acid radicals present. For 
more detailed information, it is necessary to have a solution 
containing all (or most) anions free from heavy metals. This 
is best prepared by boiling the substance with concentrated 
sodium carbonate solution; double decomposition occurs (either 
partially or completely) with the production of the insoluble 
carbonates* of the metals (other than alkali metals) and the 
soluble sodium salts of the anions, which pass into solution. 

* Certain earbonates, initially formed, are converted into insoluble basic 
carbonates or into hydroxides. 
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Thus, if the unknown substance is the salt of a bivalent metal 
M and an acid HA, the following reaction will occur : 

MA2 Hh ^ MCOg -j- ^ISTaA 

The carbonate MCO3 is insoluble and the sodium salt NaA 
will pass into solution whether MA2 is soluble in water or not. 

Preparation of solution for testing for anions. — Boil 1 
gram of the finely divided substance or mixture with 25 ml. of 
a saturated solution of pure sodium carbonate* (prepared from 
4 grams of anhydrous sodium carbonate and 25 ml. of distilled 
water) for 10 minutes in a small conical flask with a funnel in 
the mouth to reduce the loss by evaporation. Filter, f wash 
the residue with hot distilled water and collect the washings 
together with the main filtrate; the total volume should be 
30-35 ml. Reject the residue. The sodium carbonate extract 
will be termed the “Na2C03 prepared solution.” Use this 
solution to carry out the following tests. 

1. Sulphate test. — ^To 2 nrl. of the '‘Na2C03 prepared 
solution” add dilute hydrochloric acid until acid (test with 
litmus paper) and then add 2 ml. in excess. Boil for 1-2 
minutes to expel carbon dioxide completely, and then add about 
1 ml. of barium chloride solution. A white precipitate (BaS04) 
shows the presence oi suljphate. Confirm by test 1 in Section 
IV, 24 (charcoal reduction of precipitate). 

2. Test for reducing agents.— Acidify 2 ml. of the 
‘'Na2C03 prepared solution” with dilute sulphuric acid and 
add 1 ml. of dilute sulphuric acid in excess. Add 3-4 drops 
of 0*02^ potassium permanganate solution (prepared by 
diluting 1 ml. of 0*1 A KMn04 to 5 ml.) from a dropper. 
Bleaching of the permanganate indicates the presence of one 
or more of the following reducing anions : sulphite^ thiosulphate, 
sulphide, nitrite, bromide, iodide and arsenite. If the perman- 
ganate is not decolourised, heat and observe the result. If the 
reagent is bleached only on heating, the presence of oxalate is 
indicated. A negative test shows the absence of the above 
anions. 

3. Test for oxidising agents. — ^Treat 2 ml. of the “NagCOa 
prepared solution” cautiously with 1 ml. of concentrated 
hydrochloric acid, followed by 2 ml. of the manganous chloride 

* It is essential to use pure sodium carbonate; the A.R. solid is satisfactory. 
Some “pure” samples may contain traces of sulphate or chloride: the absence 
of these impurities should be confirmed by a blank experiment. 

t If no precipitate is obtained, the substance is free from heavy metals, 
and the sodium carbonate treatment may be omitted if more of the solution 
is required. 
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reagent. A brown (or black) coloration indicates the presence 
of nitrate, nitrite, chlorate or chromate, K negative test in- 
dicates the absence of the above oxidising anions except small 
amonnts of nitrates and nitrites. If reducing anions have 
been found, this test is ineonclusive. 

iVofe,— The reagent consists of a saturated soiution of manganous 
chloride, MnCl2,4H20, in concentrated hydroohioric acid. Its action 
depends upon its conversion by even mild oxidising agents to a 
dark-brown coloured manganic salt, probably containing the 
complex [MnClg] or [MnCy'* ions. 

\ 4,; Tests, with silver nitrate solution.— Sulphide and sul- 
phite interfere in the tests with silver nitrate solution, hence if 
either of these anions was detected in the preliminary test with 
dilute sulphuric acid, it must be removed first as follows. 
Acidify 10 ml. of the *‘Na 2 C 03 prepared solution” with dilute 
acetic acid (use litmus paper) : boil gently in a conical flask or 
porcelain dish in the fume cupboard to expel hydrogen sulphide 
or sulphur dioxide (S-5 minutes). It is important that the 
solution be acid throughout. Filter, if necessary, and allow to 
cool. If the volume has been reduced appreciably, add water 
to restore the original volume (solution 8), 


Acidify 10 ml. of the * ‘ NaaCO^ prepared solution” cautiously with dilute 
acetic acid (use litmus paper). Determine the volume of the acidified 
solution (or of solution S) with the aid of a small measuring cylinder, add 
one-tenth of the volume of concentrated HNOg and stir for 30 seconds. 
Then add AgNO^ solution with stirring until precipitation is complete. 
Heat to the boiling point, allow the precipitate to settle, cool tmd filter. 
Wash the precipitate with 2-3 ml. of ^ nitric acid. 

Residue. 

AgCl — ^white. 
AgBr — pale 

yellow. 
Agl — yellow. 

Filtrate. Add 1 ml. of AgNOj solution, then 20% 
KalSTO^ solution (prepared from the A.R. solid) drop- 
wise and with stirring until precipitation is complete. 
[If no precipitate forms, do not add more than 0-5 ml. 
of NaNOj solution.] Filter, if necessary, and wash 
with 2-3 ml. of nitric acid. 


Residue. 

AgCi 

derived 

from 

AgClO,. 

Filtrate, Add NaOH solution drop- 
wise (use a dropper) and with vigorous 
stirring until neutral to litmus ( 1 ), then 
add 0*5 ml. of dilute acetic acid, followed 
by 1 ml. of AglSrOa solution, and heat to 
about 80 (2). If a perrmment jirecipi- 
tate forms, add more AgNOa solution 
until precipitation is complete. Filter 
and wash with hot water. 



Residue (3). 

AgjFO* — ^yellow. 

Agg ASO 4 — brownish-red . 
AgjAsOj — ^yellow. 

AgjCjO^ — ^white. 

Filtrate. 

Discard. 
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iV'o^e^. (1) It is essential that the solution be Just neutral to 
litmus or, at most, barely alkaline: the latter will be indicated by 
a very slight brown opalescence (due to Ag20) obtained upon stirring 
or shaking. If much silver oxide separates, it will re-dissolve only 
with difficulty. 

(2) Silver acetate is soluble in hot water and is held in solution. 

(3) If chromate is present (yellow or orange solution), it will be 
reduced by the NaN02 treatment and will precipitate here as 
green chromic hydroxide. Chromate is readily detected in the 
‘-^2003 prepared solution” as follows: acidify (say, 2 ml.) with 
dilute HNO3, cool, add 1 ml. of amyl alcohol and 0-5 ml. of 3 per 
cent H2O2 solution and stir. A blue coloration (‘‘perchromic 
acid ”) in the organic layer confirms chromate. 

The separations described in the above table are based upon 
the following facts : 

(i) AgNOa solution precipitates only AgCl, AgBr and Agl 
from a dilute nitric acid solution, the other silver salts being 
soluble. 

(ii) NaN02 solution reduces chlorate to chloride, which is 
precipitated as AgCl in the presence of AgNOa solution : 

NaClOs + SNaNOg = NaCl + BNaNOg 

(iii) In solutions faintly acid with acetic acid, phosphate, 
arsenate, arsenite and oxalate are precipitated by AgNOs 
solution. 

If a mixture of the halides, or of phosphate, arsenate or 
arsenite, is suspected, use Table A or Table G given in Section 
VII, 17. The confirmatory tests for individual anions are 
collected in Section V, 5. The reactions with silver nitrate 
solution are intended to act as a guide to the presence of groups 
of anions, and the table must be interpreted in conjunction with 
the observations made in the preliminary tests. Arsenite, 
arsenate and chromate will also be found in the analysis for 
cations (Section V, 7). 

5. Test with calcium chloride solution.* For tests 5 and 6 
a “Na^COs practically neutral solution” is required. This is 
obtained as follows. Transfer 4r-5 ml. of the ^‘Na2C03 prepared 
solution” to a porcelaia dish and render it faintly acid with dilute 
nitric acid (use litmus paper). Boil for 3~4 minutes to expel carbon 
dioxide, allow to cool, then add dilute ammonia solution until just 
alkahnef; boil gently for 1 minute to remove any appreciable excess 

* Tests 5 and 6 may be omitted by those requiring only a beginner’s course 
in qualitative analysis. 

t If a ppt. forms on neutralising the solution, the presence of arsenic, 
antimony and tin sulphides and possibly salts of amphoteric bases (lead, tin, 
aluminium and zinc) is indicated. The ppt. should be filtered off and rejected. 
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of .ammonia// Divide the solution into two ©qua! parts. ; reserve half 
for test 6/: 

Md G^Cl^ solution (eqm^ to that of the solution) and a 

little dilute acetic, acid and allow to stand. A white precipitate 
indicates the presence of oxalate tmdjoT fluoride. Filter off the pre- 
cipitate and dissolve it by pouring a little hot dilute sulphuric acid 
into the filter. Treat the hot filtrate with a few drops of potassium 
permanganate solution. If the permanganate is reduced^ oxalate is 
.present. 

6. Test with ferric chloride solution.* Treat the other 
portion of the neutral” solution from test 5 with aqaeoiis FeClg 
.solution, 

Reddish-purple coloration indicates 

Reddish-brown coloration, yielding a brown precipitate on dilution 
and boiling, indicates acetate. 

Yellowish- white precipitate indicates phosphate. 

Blood-rad coloration, discharged by HgCl2 solution, indicates 
thiocyanate. 

V, 5. CONFIRMATORY TESTS FOR ACID RADICALS 

(ANIONS) 

The tests in the preceding section will indicate the acid 
radicals or anions present. In general, these should be con- 
firmed by at least one distinctive confirmatory test. The 
following are recommended. Full experimental details will 
usually be found in Chapter IV under the reactions of the acid 
radicals (anions); the reference to these will be abbreviated 
as follows: thus (IV, 2, 7) is to be interpreted as Section IV, 
2, reaction 7. It is assumed, of course, that interfering acids 
are absent or have been removed aa described below under 
Special Tests for Mixtures of Acid BadicaU. 

Chloride. Heat solid with concentrated H2SO4 and Mn02; CI2 
evolved (reddens then bleaches litmus paper and also turns KI- 
starch paper blue) (IV, 14, 2). 

Bromide. Heat solid with concentrated H2SO4 and Mn02; Fr2 
evolved (IV, 15, 2) OR chlorine water (or the equivalent NaOCl 
solution and dilute HCl) and OCI4 test; reddish-brown coloration of 
ecu (IV, 15, 5). 

Iodide. Chlorine water (or NaOCl solution and dilute HCl) and 
CCI4 test; violet coloration of CCI4 layer (IV, 16, 4). 

* The bench reagent usually contains excess of free acid added during its 
preparation in order to produce a clear solution: this may prevent the precipi- 
tation of the basic acetate on boiling. It is therefore recommended that 
dilute KHg solution be added dropwise to the side-shelf FeClg solution until a 
slight permanent precipitate forms j the precipitate is filtered off. The filtrate 
may be termed “neutral FeCl* solutioii/’ 
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Fluoride. Silicon tetrajauoride test (heat with concentrated 
H 2 SO 4 in a test-tube) (IV, 17, 1); test 8 in VII, 16; mconium- 
alizarin-S test (IV, 17, 6 ). 

Nitrite. Brown ring test with dilute acetic acid or with dilute 
H 2 SO 4 (IV, 7, 2) OR thiourea test (IV, 7, P). 

Nitrate. Brown ring test with concentrated H 2 SO 4 (IV, IS, *3), 
if bromide, iodide and nitrite absent. 

Sulphide. Dilute H 2 SO 4 on solid, and action of H 2 S on lead or 
cadmium acetate paper (IV, 6 , 1). 

Sulphite. Dilute H 2 SO 4 on solid, odour of SO 2 and action of 
SO 2 on K 20 r 2 O 7 paper (IV, 4, J), or upon fuchsin solution (IV, 4, 
W); BaCl 2 -Br 2 water test (IV, 4, 2), 

Thiosulphate. Dilute H 2 SO 4 on solid and liberation of SO 2 
(K 2 Cr 207 paper test or fuchsin solution test) and sulphur (IV, 5, I). 

Sulphate. The BaCl 2 solution and dilute HCl test is fairly con- 
clusive. Further confirmation is obtained by reduction of the ppt. 
(BaS 04 ) on charcoal to sulphide (test for latter with lead acetate 
solution) (IV, 24, Jf). 

Carbonate. Action of dilute H 2 SO 4 on solid, and lime water test 
(IV, 2, i). 

Hypochlorite. Action of dilute HCl and test for CI 2 evolved 
(IV, 13, 4). 

Chlorate. The AgN 03 -^NaN 02 test (IV, 19, 3), 

Chromate. Hydrogen peroxide test with amyl alcohol as organic 
solvent (IV, 33, 4). 

Arsenite. Immediate ppt. of AS 2 S 3 in dilute HCl solution (III, 
11, 1) and absence of ppt. with Mg(N 03)2 reagent (III, 11, 3). 

Arsenate. Action of H 2 S on acid solution (HI, 12, i), AgNOs 
solution test in faintly acetic acid solution (III, 12, 2) and Mg(N 03)2 
reagent test (III, 12, 3). 

Phosphate. Ammonium molybdate test (temperature not above 
40n(IV>28, 4). 

Cyanide. Prussian blue test (IV, 8 , 4) or ammonium sulphide 
test (IV, 8 , 16). 

Thiocyanate. Ferric chloride solution test: colour discharged by 
HgClg solution or by NaF solution, but not by HCl (IV, 10, 6). 

Acetate. Action of ethyl or of 7 i-butyl alcohol and concentrated 
II 2 SO 4 (IV, 35, 3) OR indigo test (IV, 35, 9} using ordinary test- 
tube or ignition tube. 

Oxalate. The CaCl 2 test and decolourisation of acidified KMn 04 
solution at about 70° is sufficiently conclusive. 
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V, 6: SPECIAL TESTS FOR MIXTURES OF ACID 
RADICALS’^ 

1. Carbonate in the presence of Sulphite.— Sulphites, on 
treatment with dilute sulphuric acid, liberate sulphur dioxide 
which, like carbon dioxide, produces a turbidity with lime or 
baryta water. The dichromate test for sulphites is, however, 
not influenced by the presence of carbonates. To detect car- 
bonates in the presence of sulphites, treat the solid mixture 
with dilute sulphuric acid and pass the evolved gases through 
a small wash-bottle or boiling tube containing potassium di- 
chromate solution and dilute sulphuric acid. The solution will 
be turned green and the sulphur dioxide will, at the same time, 
be completely removed; the residual gas is then tested with 
lime water in the usual manner. 

An alternative procedure is to add a little powdered potas- 
sium dichromate to the mixture and then to warm with dilute 
sulphuric acid: the evolved gas is then passed through lime 
water. 

The above method can, of course, be applied in the presence 
of thiosulphates. 

2. Nitrate in the presence of Nitrite.— The nitrite is 
readily identified in the presence of a nitrate by treatment wdth 
dilute mineral acid, potassium iodide and starch paste (or 
potassium iodide-starch paper) or by means of the thiourea 
test. The nitrate cannot, however, be detected in the presence 
of nitrite since the latter gives the brown ring test with ferrous 
sulphate solution Midi dilute sulphuric acid. The nitrite is 
therefore completely decomposed first by one of the following 
methods: 

(i) boil with ammonium chloride solution until effervescence 
ceases ;f 

(ii) warm with urea and dilute sulphuric acid until evolution 
of gas ceases;*!* 

(iii) add a little sulphamic acid to the solution: 

HO.SOg.NHg + HNO2 =- N2 + H2SO4 + HgO 
The last-named is probably the simplest and most efficient 
method for the removal of mtrite in aqueous solution. 

The brown ring test for nitrate can then be applied. 

5. Nitrate in the presence of Bromide and Iodide. — 
The brown ring test for nitrates cannot be applied in the 

* Full experimental details of the vaarious tests will be found in Chapter IV. 

t Traces of nitrate are always formed in this reaction. 



Systematic Macro Qualitative Inorganic Analysis 445 

presence of bromides and iodides since the liberation of free 
halogen with concentrated sulphuric acid wiU obscure the 
I brown ring due to the nitrate. The solution is therefore boiled 
with sodium hydroxide solution until ammonium salts, if 
: present, are completely decomposed, and the solution is then 

cooled under the tap. Powdered Devarda’s alloy or aluminium 
powder or zinc dust is then added and the mixture gently 
warmed. The evolution of ammonia, detected by its smell, 
J its action upon red litmus paper and upon mercurous nitrate 
paper (see Section III, 36, reaction 1 ) indicates the presence of 
i a nitrate. 

I An alternative method is to remove the halides by precipi- 

I tation with an almost saturated solution of silver sulphate 
; (nitrate-free) and any excess of the latter with sodium car- 

^ bonate solution ; the nitrate is then tested for in the filtrate in 

the usual way (see also Section IV, 45, 4). 

f 4. Nitrate in the presence of Chlorate. — ^The chlorate 
interferes with the brown ring test (compare Section IV, 19, 
reaction 1 ). The nitrate is reduced to ammonia as described 
under 3 ; the chlorate is at the same time reduced to chloride 
which may be tested for with silver nitrate solution and dilute 
nitric acid. 

If a chloride is originally present, it may be removed first 
by the addition of saturated silver sulphate solution. 

5. Chloride in the presence of Bromide and Iodide. — 

1^ This procedure involves the removal of the bromide and iodide 
with potassium or ammonium persulphate in the presence of 
dilute sulphuric acid. The free halogens are thus liberated, 
and may be eliminated either by simple evaporation (addition 
of water may be necessary to maintain the original volume) or 
by evaporation at about 80® in a stream of air. 

K2S2O8 + 2KI = I2 + 2K2SO4 ; 

K2S2O8 + 2KBr + 2H2SO4 = Brg + 4KHSO4 

Add solid potassium or ammonium persulphate to the 
“Na2C03 prepared solution of the mixed halides contained in 
a conical flask; strongly acidify with dilute sulphuric acid; heat 
the flask to about 80®, and aspirate a current of air through 
the solution with the aid of a filter pump (see Fig. IF, 45, 1 in 
Section IV, 45, 5) until the solution is colourless. Add more 
solid persulphate or water as may be found necessary. Test 
the residual colourless liquid for chloride with silver nitrate 
solution and dilute nitric acid. 
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6. Chloride in the presence of Iodide (Bromide being 
absent).— Acidify the ‘‘Na 2 C 03 prepared solution ” with dilute 
nitric acid, add excess of silver nitrate solution, and filter ; reject 
the filtrate. Wash the precipitate with dilute ammonia solu- 
tion and collect the washings. Add dilute nitric acid to the 
washings; a white precipitate of silver chloride indicates the 
presence of chloride. 

The separation is based upon the solubility of silver chloride 
in dilute ammonia solution and the practical insolubility of 
silver iodide in this reagent. 

7. Chloride in the presence of Bromide (Iodide being 
absent). — ^Acidify the ‘‘Na^COa prepared solution” with dilute 
nitric acid and add an equal volume of concentrated nitric acid. 
Boil for 5 minutes or until all the bromine is expelled ; then add 
silver nitrate solution. A white precipitate indicates chloride 
present. 

8 . Bromide and Iodide in the presence of one another. 
— ^The presence of a chloride does not interfere with the re- 
actions described below. Acidify the “]Sra 2 C 03 prepared solu- 
tion” with dilute sulphuric acid and add 1-2 ml. of carbon 
tetrachloride; add 1-2 drops of dilute sodium hjrpochlorite 
solution**' (best with a dropper), and shake; a violet coloration 
in the carbon tetrachloride layer indicates iodide. Continue 
the addition of the hypochlorite solution drop by drop to oxidise 
the iodine to iodate (colourless) and shake after each addition. 
The violet colour will disappear, and a reddish-brown coloration 
of the carbon tetrachloride layer, due to dissolved bromine (or 
to bromine chloride BrCl), will be obtained if a bromide is 
present. If iodide alone is present, the solution will be colour- 
less after the violet colour has disappeared. 

9 . Phosphate in the presence of Arsenate.— Both 
arsenate and phosphate give a yellow precipitate on warming 
with ammonium molybdate solution and nitric acid, the latter 
on gentle warming (not above 40°) and the former on boiling. 
Also both anions give a white precipitate with the magnesium 
nitrate reagent (or with magnesia mixture). It must also be 
remembered in connexion with the precipitation of Group II 

* The use of dilute sodiuiu hypochlorite solution and dilute acid is far 
more satisfactory than chlorine water. Alternatively, a solution of chlor* 
amine-T (15 grains per litre) may be employed; this is a source of hypo- 
chlorous acid (and therefore of chlorine): 

CHj.CA.SOaNClKa + HgO ^ + NaOCl 
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that arsenates are only slowly precipitated by hydrogen sul- 
phide in dilute acid solution. 

Acidify the ‘'Na2C03 prepared solution” with dilute hydro- 
chloric acid, pass in sulphur dioxide to reduce the arsenate to 
arsenite, boil off the excess of sulphur dioxide (test with potas- 
sium dichromate paper), and pass hydrogen sulphide into the 
solution to precipitate the arsenic as arsenious sulphide: con- 
tinue the passage of hydrogen sulphide until no more precipitate 
forms. Filter, boil off the hydrogen sulphide and test the 
filtrate for phosphate by the ammonium molybdate test or with 
the magnesium nitrate reagent. 

An alternative method for the elimination of arsenate is the 
following. Acidify the “]Sra2C03 prepared solution” with dilute 
hydrochloric acid and then add one-quarter of the volume of 
concentrated hydrochloric acid (the total volume should be 
about 10 ml.). Add 0*5 ml. of 5 per cent ammonium iodide 
solution, heat to boiling and pass hydrogen sulphide into the 
boiling solution until precipitation is complete (5-10 minutes). 
Filter off the arsenious sulphide, and boil off the hydrogen 
sulphide from the filtrate. Add dilute ammonia solution until 
alkaline and excess of the magnesium nitrate reagent (or of 
magnesia mixture). A white precipitate indicates the presence 
of phosphate. 

AS2O5 -f- 4HI ^ AsgOs -j- 2H2O 2I2: 

AS2O3 -j~ 3H2S = AS2S3 
2I2 + 2H2S ^ 4HI + 2S 

If the white precipitate of magnesium ammonium phosphate 
be washed with a little water, and then treated on the filter 
with a little silver nitrate solution containing a few drops of 
dilute acetic acid, a yellow coloration, due to silver phosphate, 
is obtained. However, a similar reaction with the white pre- 
cipitate produced by the magnesium nitrate reagent with a 
mixture of phosphate and arsenate (i.e. Mg(NH4)P04,6H20 + 
Mg(NH4)As04,6H20) yields a brownish-red coloration on the 
white precipitate; this is due to silver arsenate. 

It may be pointed out that if arsenite is also present, it may 
be readily detected in the filtrate obtained by treating the 
original mixture of arsenate, phosphate and arsenite with the 
magnesium nitrate reagent: upon acidifying with N hydro- 
chloric acid and passing hydrogen sulphide, an immediate 
yellow precipitate of arsenious sulphide is produced. 
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V, 7. EXAMINATION FOR METAL IONS (GATIONS) 
IN SOLUTION 

Preparation of a solution of the solid,— Since the whole 
scheme for the analysis of cations depends upon the reactions 
of ions, it is clear that it is first necessary to get the substance 
into solution. Water is first tried in the cold and then on 
warming. If insoluble in water, the following reagents are in- 
vestigated as solvents in the order indicated : dilute hydrochloric 
acid, concentrated hydrochlorio acid, dilute nitric acid, con- 
centrated nitric acid, and aqua regia (3 volumes of concentrated 
HCl to 1 volume of concentrated HNO 3 ). Most substances 
encountered in an elementary course will dissolve in either 
water or dilute hydrochloric acid. If concentrated hydro- 
chloric acid has to be used, the solution must be considerably 
diluted (to 0-3^) before proceeding with the analysis, otherwise 
certain cations, such as cadmium and lead, will not be precipi- 
tated by hydrogen sulphide. When concentrated nitric acid 
or aqua regia is employed as the solvent, the solution must be 
evaporated almost to dryness, a little hydrochloric acid added, 
the solution evaporated again to small bulk, and then diluted 
with water to dissolve the soluble nitrates (or chlorides). This 
evaporation is necessary because the nitric acid may react with 
the hydrogen sulphide subsequently employed in the Group 
analysis. 

To discover the most suitable solvent, treat portions of 0*2 
gram* of the fibuely powdered substance successively with 3-4 
ml. of (1) water, (2) dilute hydrochloric acid, (3) concentrated 
hydrochloric acid, (4) dilute nitric acid, (5) concentrated nitric 
acid and ( 6 ) aqua regia in the order given. Try the solubility 
first in the cold and then on warming; if in doubt whether the 
substance or a portion of the substance has dissolved, evaporate 
a little of the clear solution on a watch glass. If the substance 
dissolves in water, proceed immediately to the test for the 
metal ions. If the use of dilute hydrochloric acid results in 
the formation of a precipitate, this may consist of the metals 
of Group I; the precipitate may either be filtered off and 
examined for this Group, or else the original substance may be 
dissolved in dilute nitric acid. If concentrated acids are 
employed for dissolution, the remarks in the previous para- 
graph must be borne in mind. 

When a suitable solvent has been found, the solution for 

* This is most simply estimated by weighing out 1 gram and dividing it 
into 6 approximately equal parte. 
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analysis is prepared with about 0-5 gram of the solid: the 
volume of the final solution should not exceed 15 ml. 

Before describing the general scheme for the separation of 
the cations into groups, the student should take note of the 
following facts : 

(1) The analysis should not be conducted with large quan- 
tities of the substance because much time will be spent in 
filtering the precipitates and difficulty may be experienced in 
washing and dissolving them. It is therefore recommended 
that about 0*5 gram be employed for the analysis. After a 
little experience the student will be able to judge from the 
relative sizes of the precipitates the relative quantities of the 
various components present in the mixture. 

(2) The tests must, in the first place, be carried out in the 
order given. A group reagent will separate its particular group 
from those which follow it and not from those which precede it. 
Thus hydrogen sulphide in the presence of 0*SN hydrochloric 
acid will separate Group II from Groups IIIA, IIIB, IV and V, 
but does not separate Group II from Group I. It is most 
important, therefore, that one group should be completely pre- 
cipitated before precipitation of the next group is attempted, 
otherwise the group precipitate will be contaminated by metals 
from the preceding groups and misleading results will be 
obtained. 

Oxides, Hydroxides, Free Metals and Simple Alloys. — 
If a solid substance is found to contain no anions, it may be an 
oxide, or hydroxide, or a metal or a mixture of metals, or an 
alloy. Metals and aUoys have certain characteristic physical 
properties; many metals evolve hydrogen on treatment with 
dilute acids. As a rule, nitric acid must be employed as solvent, 
and it will then be necessary to remove the excess of nitric acid 
(as already described above) before proceeding to the group 
analysis. 

Table S below contains full details for the separation of the 
cations into the mdividual groups: the Notes following the 
Table contain much useful information and should be read 
before the separation into groups is attempted. The references 
to individual Group Separation Tables are to those already 
given in Chapter III. 

Notes ox Tabu: S (Simplieibi) Gbneeal Table bob 
Sepabatiox OE Cations iKTo Geoitps) 

This Table and the Notes which follow are intended for beginners 
and in consequence the various operations are given in somewhat 
greater detail than in Table I (Section VII, 6). 



8. Table S. — Separation of Cations into Groups 

{Organic Acids, Boric, Hydrofiuoric, Silicic and Phosphoric Acids being absent) 
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(1) If the substance was completely soluble in dilute HCl, it is 
evident that no silver or mercurous salt is present. When lead is 
present, the solution may be clear while hot, but PbCl2 is deposited 
upon cooling the solution, due to the slight solubility of the salt in 
cold water. Lead may be found in Group II, even if it is not pre- 
cipitated in Group I. 

(2) It is usually advisable in group separations to wash a precipi- 
tate with a small volume of a suitable wash solution and to add the 
washings to the filtrate. In the present instance cold water or cold 
very dilute HCl (say, 0*5iV’) may be used. The precipitating re- 
agent, diluted 10-100-fold, is generally a suitable wash liquid. 
Specific directions for washing precipitates will usually be omitted 
from the present Table in order to economise space. 

(3) The H2O2 solution is added to oxidise Sn++ to Sn++++, thus 
leading ultimately to the precipitation of SnS2 instead of the some- 
what gelatinous SnS. The excess of H2O2 should be decomposed by 
boiling before passing H2S, otherwise some S may be precipitated. 
The subsequent separation of Groups II A and IIB % means of 
aqueous KOH is thus rendered more complete, since SnS2 dissolves 
entirely and SnS dissolves only partially in aqueous KOH. 

If it is intended to use ammonium polysulphide in the separation 
of Groups HA and IIB, the addition of H2O2 is not essential since 
the (NH4)2S* will oxidise the SnS to SnS2 and the latter dissolves 
as the thiostannate (NH4)2SnS3. 

(4) It is important that the concentration of the HCl be approxi- 
mately correct, i.e. 0*31f, before passing H2S : with higher concentra- 
tions of acid, lead, cadmium and stannous tin will be incompletely 
precipitated. If the acidity is too^ low, sulphides of Group IIIB 
(NiS, CoS and ZnS) may be precipitated. 

Either of two methods may be employed to adjust the acid 
concentration. 

(а) Concentrate the solution (if necessary) to a volume of 10-15 
ml, cool. Add concentrated NH3 solution drop wise from a drop- 
per (the commercial “medicine dropper” is satisfactory), with 
constant stirring, until the mixture is just alkaline. Introduce 
dilute HCl dropwise (use a dropper) until the mixture is just acid 
(use litmus paper). Then add 2*0 ml. of 3W HCl (measured from 
a graduated pipette or cahbrated dropper) and dilute the solution 
to a volume of 20 ml. with distilled water. 

(б) An alternative procedure is to make use of the indicator 
methyl violet (0-1 per cent aqueous solution or, better, the pur- 
chased or prepared indicator paper). The following table gives the 
colour of the indicator at various concentrations of acid : 


Acid concentrcaion 
Keutral or alkaline 
0-1A7HC1 
msNBm 
0^33W HOI 
0*50ArHGl 


pH Methyl violet indicator 
7+ Violet. 

I'O Blue. 

0*6 Blue-green. 

0*5 Yellow -green. 

0*3 Yellow. 
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Add 1 drop of metliyl violet indicator solution and introduce 
dilute HCl or dilute lsrH3 solution (as necessary) dropwise and with 
constant stirring until the colour of the solution is yellow-green : a 
blue-green colour is almost but not quite acid enough, yet it is 
acceptable for most analyses. [If the indicator paper is available, 
the thoroughly stirred solution should be spotted on fresh portions 
of the paper.] It is recommended that a comparison solution con- 
taining, say, 10 ml. of 0 - 31 V' HCl and 1 drop of indicator be freshly 
prepared: this will facilitate the correct adjustment of the acidity, 
A more satisfactory standard is a buffer solution prepared by 
mixing 5 ml. of N sodium acetate and 10 ml. of N HCl : this has a 
pH of 0 * 5 . 

(5) lor the passage of H2S into the solution, the latter is 
placed in a small conical flask (one of 50 ml. capacity is suitable) 
or in a boiling tube and the ‘‘pressure’' method used as detailed 
in Section 11 , 2, 7 , Heat the solution almost to boiling and pass 
in HgS, whilst slowly shaking the flask with a swirling motion, until 
precipitation is complete: the latter will be apparent when bubbhng 
either stops altogether or is reduced to a very slow rate of 1-2 
bubbles per minute. Saturation is normally reached in 2-5 
minutes. The best method of determining whether precipitation 
is complete is to filter off a portion of the solution and test the 
filtrate with H2S. If only a white precipitate or suspension of 
sulphur is obtained, the presence of an oxi^sing agent is indicated. 

H an oxidising agent is present {e.g, a permanganate, di- 
chromate or a ferric salt), as is shown by the gradual separation of 
a fine white precipitate of sulphur and/or a change in colour of the 
solution, it is usual to pass S02lnto the hot solution until reduction 
is complete, then to boil off the excess of SO2 (test with H2&2O7 
paper), and finally to pass H2S. Arsenates, in particular, are slowly 
precipitated by H2S : they are therefore usually reduced by SO2 to 
arsenites and then precipitated as AS2S3 with H2S, after prior 
removal of the excess of SO2 in order to avoid interaction of the 
latter with H2S and the consequent separation of S. Stannic 
compounds may be very slightly reduced to the stannous state by 
this treatment; the amount of reduction is, however, so small that 
it may be neglected. The original solution or substance must be 
tested for the valence state of the arsenic. 

The objection to the use of SO2 is that some sulphuric acid may 
be formed, especially upon boiling, and this may partially precipitate 
Pb, Sr and Ba as sulphates. Any precipitate formed in this process 
should accordingly be examined for these cations: PbS04 is soluble 
in ammonium acetate solution. 

An alternative procedure to be borne in mind when arsenate, etc., 
is present, which does not possess the disadvantages associated with 
SO2 and is perhaps more expeditious, is to add 2-3 ml. of con- 
centrated HCl and 0*5 ml. of 10 per cent N’H4l solution. The 
arsenate is thereby reduced to arsenite and upon saturation of the 
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hot solution with H2S under "‘pressure,” the arsenic is completely 
precipitated as AS2S3. This reduction can be carried out after the 
sulphides of the other elements have been precipitated in the 
presence of 0*3iV HCl. 

( 6 ) The wash liquid is prepared by dissolving 0-5 gram of NH 4 NO 3 
in 10 mL of water and treating this solution with H2S ; about 5 ml. 
will suffice for the washing. The H2S must be present in the wash 
liquid to prevent oxidation of some of the moist sulphides to 
sulphates. 

(7) If the iron was originally present in the ferric state, it will be 
reduced to the ferrous condition by H2S. It must be oxidised to the 
ferric state (1-2 ml. of saturated Br2 water may also be used) in 
order to ensure complete precipitation with NH4CI and dilute NH3 
solution. The original solution must be tested to determine whether 
the iron is present as Fe++ or as Fe+++. 

(8) The washing may be made with a little hot water or, better, 

with 2 per cent solution. 

(9) If the filtrate is brown or dark-coloured, Ni may be suspected. 
The dark-coloured solution contains colloidal NiS, which runs 
through the filter paper. It may be acidified with acetic acid and 
boiled until the NiS is coagulated: this may either be added to the 
Group IIIB precipitate or tested separately for Ni. As a general 
rule the addition of macerated filter paper {e,g, in the form of a 
portion of a Whatman filtration accelerator or ashless tablet) to 
the suspension before filtration will lead to a clear or colourless 
filtrate. 

(10) The wash Hquid may consist of 1 per cent NH4CI solution 
containing 1 per cent by volume of ammonium sulphide solution. 
Oxidation of the moist sulphides to soluble sulphates is thus con- 
siderably minimised. 

(11) The filtrate must be immediately acidified and concentrated 
to remove H2S. Ammonium sulphide solution on exposure to air 
slowly oxidises to ammonium sulphate and would then precipitate 
any barium or strontium present as BaS04 SrS04. Another 
reason for acidifying the filtrate from Group IIIB is to prevent the 
absorption of CO2 from the air with the formation of carbonate ions ; 
the latter would also precipitate the ions of Group IV. 

(12) The initial filtrate from Group IIIB will be almost saturated 
with ammonium salts. This concentration of ammonium ions is 
higher than is necessary to prevent the precipitation of Mg(OH)2 
and it may also lead to incomplete precipitation of the carbonates 
of Group IV metals. The latter effect is due to the acidic properties 
of ammonium ion: 

NH 4 ‘^ + 003'“ ^NHa + HCO3”; 

the concentration of GOs”"- ions upon the addition of (NH4)2C03 
would thus be considerably decreased, and incomplete precipitation 
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of Group IV may occur. For these reasons most of the ammonium 
salts must be eliminated first. 

Concentrated HNO3 decomposes NH4CI at a lower temperature 
than is required for its volatilisation : 

' NH4Gi + HHO3 4- HCl = NgO + 2H2O + HCl ; 

Loss by decrepitation and spirting during this operation must be 
avoided. 

( 13 ) Ammonium carbonate decomposes appreciably above 60 

(NH^lgCOa 2NH3 + CO2 + H2O 

The digestion also improves the filtering properties of the precipitate. 

( 14 ) Owing to the slight solubility of CaCOs, SrCOs and BaCOg in 
solutions of ammonium salts, the fitrate from Group IV will, when 
these metals are present, contain minute amounts of the ions of the 
alkaline earth metals. Since the Group IV metals may interfere to 
a limited extent with the flame tests for Na and K and also the 
Na2HP04 test for Mg (if employed), it has been recommended that 
the filtrate from Group IV be heated with a little (say, 1 ml.) of 
(NH4)2S04 solution and (NH4)2C204 solution and filtered from any 
precipitate which forms. Owing to the comparatively small con- 
centration of ammonium salts, this is generally unnecessary if the 
procedure described ui Table VII (Section III, 37 ) is adopted* 

V, 9 . Modification of the analysis in the presence of phos- 
phate. — Certain anions, which include phosphate, fluoride, 
borate, silicate and also those derived from organic acids such 
as acetate and oxalate, interfere with the cation analysis after 
Group II. Thus the presence of phosphate, fluoride, borate 
or oxalate ions will cause the metals of Groups IIIB and IV 
and also Mg to precipitate when the solution is made ammo- 
niacal in Group IIIA. The various interfering anions and their 
removal or elimination are discussed in detail in Chapters VII 
and VIII. It is unlikely that the student will encounter any 
of the interfering anions in elementary analysis with the pos- 
sible exception of phosphate. The manner of removal of 
phosphate is therefore given in the following table (Table P) 
as an illustration of the procedure to be adopted in dealing 
with an important interfering anion. The student will appre- 
ciate that the phosphate separation need not be made even if 
PO4 has been shown to be present {e,g. by the ammonium 
molybdate test) if no precipitate is obtained in Group IIIA. 
(with NH4CI and aqueous NH3) and also when it is known that 
Group IV and Mg are absent. 
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V, 9 * Table P.— Phosphate Separation Table 


Boil the filtrate from Group II until free from HgS, add a few drops of 
concentrated HNOg (or 1-2 ml. of bromine water) and boil gently for 
1 minute. Test a small portion for pho^hate with ammonium molyb- 
date and nitric acid, and a further portion for the presence of Groups 
IIIA, niB, ly or Mg by the addition of NH4CI and MH 3 solution. If 
both tests are positive, proceed as follows. 

Adjust the volume of the solution to 10 ml. (1). Add 0*5-1 gram of 
solid ISrH4Cl, stir until dissolved, then add the zirconium nitrate reagent 
slowly and with stirring until precipitation is complete (2): a large excess 
of the reagent must be avoided. Heat the contents of the test-tube or 
small conical flask to boiling and stir with a glass rod to prevent bumping. 
Filter through a Whatman No. 32 filter paper (3); wash the ppt. with a 
little hot water and combine the washings with the filtrate. 



Residue. Filtrate. Test if all the phosphate has been precipi- 
Zirconium tated by the addition of a drop of the zirconium nitrate 

phosphate. reagent: if no ppt. forms, all the phosphate has been 

Reject. removed. Add about 0*5 gram of solid NH4Ci, heat to 

boiling, add a slight excess of dilute NHg solution (^.e. 
rmtil the odour of ammonia is permanent in the boiling 
solution), boil for 2-3 minutes and filter. 

Residue. Examine for Group IIIA. Filtrate. 

The excess of Zr will be found in the Examine for 
residue after treatment with HgOg and Groups IIIB, 
NaOH solution (or with sodium per- IV and V. 
borate NaBOg.fflgO and boiling), and 
will accompany any Fe, if present. 

Notes, (1) It is essential that the acidity with respeot to hydro- 
chloric acid should not exceed N, otherwise a turbid supernatant 
liquid is obtained and the removal of phosphate is not quite complete. 
Test with methyl violet or any other suitable indicator (brhliant 
cresyl blue, cresol red, etc.}. 

(2) It is important that the excess of the zirconium nitrate re- 
agent should not exceed 25 per cent, otherwise a turbid supernatant 
Hquid will be obtained; this turbidity cannot be removed by filtra- 
tion or centrifugation. It is best, therefore, to add the zirconium 
nitrate solution slowly and with stirring until precipitation appears 
complete, heat just to boiling, filter, and test the filtrate with the 
reagent, etc. 

(3) The addition of half a Whatman filtration accelerator (or a 
little filter paper pulp) assists filtration; the precipitate must be 
washed thoroughly with hot water. 

V, 10. ANALYSIS OF A LIQUID (SOLUTION) 

If a liquid is supplied for analysis, proceed as follows : 

(1) Observe the colour, odour and any special physical 
properties. 
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(2) Test its reaction towards litmus paper. 

{a) The solution is neutral: free acids, free bases, acid salts, 
and salts wMcb give an acid or alkaline reaction owing 
to hydrolysis, are absent. 

{b) The solution reacts alkaline: this may be dne to the 
hydroxides of the alkali and alkaline earth metals, to 
the carbonates, sulphides, hypochlorites and peroxides 
of the alkali metals, etc. 

(c) The solution reacts acid: this may be due to free acids, 
acid salts, salts which yield an acid reaction because of 
hydrolysis, or to a solution of salts in acids. 

(3) Evaporate a portion of the liquid to dryness on the 
water bath (use a porcelain dish and stand it on a beaker half 
fiEed with water, the latter being heated by a Bunsen burner) ; 
carefully smeE vapours evolved from time to time. If a solid 
residue remains, examine as detaEed above for a solid sub- 
stance. If a Equid remains, evaporate cautiously on a wire 
gauze in the fume cupboard; a solid residue should then be 
examined in the usual way. If no residue remains, then the 
liquid consists of some volatEe substance which may be water 
or water containing certain gases or volatEe substances, such 
as CO2, NH3, SO2, HgS, HOI, HBr, HI, HgOg or (^4)2003, 
all of which can be readUy detected by special tests. It is 
best to neutralise with sodium carbonate and test for acid 
radicals (anions). 



CHAPTER VI 


INTRODUCTION TO SYSTEMATIC SEMIMICRO 
QUALITATIVE INORGANIC ANALYSIS 

VI, 1. Preliminary Discussion. — It is assumed that the 
student is already familiar with the operations (ignition tests, 
blowpipe tests, flame tests, borax bead tests, precipitation, 
filtration, evaporation, etc.) described in Sections II, 1 and II, 2. 
A detailed description of semimicro apparatus and of semimicro 
analytical operations is given in Section II, 3. The student 
should read this carefully and thus acquire a general knowledge 
of semimicro technique. To secure the introductory practical 
experience the following course of instruction may be followed. 
Reactions are normally carried out in 4 ml. test-tubes or in 
3 ml. centrifuge tubes, unless otherwise stated. The solutions 
employed in testing for cations or anions contain 10 mg. of 
cation or anion per ml. For purposes of calculation a drop of 
solution may be assumed to have a volume of 0*05 ml. : this 
will help in rough computations as to volumes required in 
adding excess of reagents, etc. 

For the cations, a limited number of prehminary reactions 
should be studied first, followed by an analysis of a mixture or 
solution containing a member or members of each group. This 
will give practical experience in the routine operations of semi- 
micro analysis and also provide practice from the very outset 
in the use of Group Separation Tables. Particular attention 
should be paid to : 

(i) the exact experimental conditions of the reaction ; 

(ii) the colour and physical characteristics (e.gr. whether 
crystalline, amorphous or gelatinous) of each precipitate; and 

(iii) the solubility of each precipitate in excess of precipitant, 
or in solutions of other reagents. 

The student should, as far as possible, represent the chemical 
reactions by ionic equations and then check the equations 
against the molecular equations given in Chapters III and IV. 
In this way excellent practice will be obtained in writing and 
balancing equations, and also help to impress the reactions 
upon the memory. 

15* 


U7 
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To illustrate the manner in which the simple reactions should 
be carried out, a few selected examples will be given. 

Lead Ion, Pb++ 

I. Dilute Hydrochloric Acid. Place 2 drops of the test 
solution in a 3 ml. centrifuge tube, and add 2--3 drops of dilute 
H01. Note the colour and characteristics of the precipitate. 
Centrifuge the mixture, balancing the tube with another 
similar tube contaming an approximately equal volume of 
water. Remove the supernatant liquid, termed the centri- 
fugate^ by means of a capillary dropper to another tube, and 
test with a further drop of dilute HCl to ensure that precipi- 
tation is complete: if this is so, discard the solution. Treat 
the precipitate, usually termed the residue, with 2 drops of 
water, stir and centrifuge. Reject the solution, called the 
washings. Add 5-6 drops of water to the washed residue, stir 
and place the tube containing it in the rack in the boiling 
water bath. Stir frequently whilst heating. Observe that the 
precipitate dissolves completely. Cool the clear solution in a 
stream of water from the cold water tap : observe that colour- 
less crystals of PbCl^ separate. 

3, Dilute Sulphuric Acid. To 2 drops of the test solution 
in a 3 ml. centrifuge tube or 4 ml. test-tube, add 2-3 drops of 
dilute H2SO4. Centrifuge: remove the centrifugate and test 
for complete precipitation with 1 drop of dilute H2SO4. Wash 
the precipitate with 2-3 drops of water, centrifuge and discard 
the washings. Now introduce 2-3 drops of ammonium acetate 
solution and stir : the precipitate wiH dissolve. 

4, Potassium Chromate Solution. Treat 2 drops of the 
test solution with 1-2 drops of K2Cr04 solution. Note the 
formation of a yellow precipitate. Centrifuge and wash. Add 
2 drops of dilute acetic acid to the precipitate and stir: note 
that the precipitate does not dissolve. 

The above examples should suffice to give a general con- 
ception as to how the various reactions should be performed. 
In the reactions involving the passage of hydrogen sulphide 
into a solution, the apparatus depicted in Fig. II, 3, 17 should 
be used. 

VI, 2. Abbreviated Course of Instruction.— The following 
preliminary reactions, etc., should be carried out by the student. 
In the case of anions, those marked with an asterisk may be 
omitted when an elementary course is required: the final 
decision should be made by the teacher. 
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REACTIONS OF THE CATIONS 

Pb++. Section III, 2 , reactions 1, 2, 5, 4; blowpipe test. 

Section III, 3, reactions 1, 6, 7. 

Ag+. Section III, 4, reactions 1, 2^ 3; blowpipe test. 

Identification of a metal in the solution supplied by the teacher 
by means of Table SMI (Section III, 5). 

Section III, 6 , reactions 1, 2, 3; dry test. 

Bi+++. Section III, 7, reactions 1, 3, 5, 6, 10. 

Cu++. Section III, 8 , reactions J, 2, 3, 4y 5 ^ 8\ dry test. 

Cd++. Section III, 9, reactions 1, 3, 4; dry test. 

Identification of a metal or metals in the solution supplied by 
means of Table SMIIA (Section III, 10). 

As (ous). Section III, 11, reactions 1, 2, 3. 

As (ic). Section III, 12, reactions 1, 2, 3, 4. 

Sb (ons). Section III, 14, reactions 1, 2, 8. 

Sn++. Section III, 16, reactions 1, 2, 3. 

3 J 1 ++++. Section III, 17, reactions 1, 3, 4. 

Identification of a metal or metals in the solution supplied by 
means of Table SMIIIA (Section III, 18). 

Fe++. Section III, 19, reactions i, 2, 3, 4, d, 7, 8. 

Fe+++. Section III, 20, reactions 1, 2, 3, 4, 5, d, 10. 

A1+++. Section III, 21, reactions J, 2, 3, 7; dry test. 

Section III, 22, reactions i, 2, 3, 6; dry test (iii). 

Identification of a metal or metals in the solution supplied by 

means of Table SMIV (Section III, 23). 

Co++. Section III, 24, reactions 1, 2, 3, 5, 6, 7 ; dry test (ii). 

Ni++. Section III, 25, reactions I, 2, 3, 6, 7, 8; dry test (ii). 
Mn++. Section III, 26, reactions 1, 2, 3, 5, 7; dry test (ii). 

Zii++. Section III, 27, reactions 1, 2, 3, 6, 8, 9; ^y test. 

Identification of a metal or metals in the solution supplied by 
means of Table SMV (Section III, 28). 

Ba++. Section III, 29, reactions 1, 2, 3, 4, 6 ; dry test. 

Section HI, 30, reactions 1, 2 , d, 5, 6; dry test. 

Ca++. Section III, 31, reactions 1, 2, 5, 5, 6; dry test. 

Identification of a metal or metals in the solution supplied by 
means of Table SMVI (Section HI, 32). 

Mg ++. Section III, 33, reactions i, 2, 3, 5, 7, 8; dry test. 

E+. Section HI, 34, reactions 1 , 2 ; dry test. 

Na+. Section HI, 35, reaction i; dry test, 

NH 4 +. Section III, 36, reactions 1, d, 7; dry test. 

Identification of a metal or metals in the solution supplied by 
means of Table SMVII (Section HI, 37). 
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003“"“. Section IV, 2, reactions J, 2, 

IIC08“« Section IV, 3, reactions (i), (ii), {iii). 

SO3' . Section IV, 4, reactions 1, 2, 4, 5, 9, 10, 

8203““’. Section IV, 5, reactions i, 2, 4, 6, 8, 

S“'”> Section IV, 6, reactions i, 2, 3, 5, 6, 

N02'“. Section IV, 7, reactions 1, 2, 7, 10, 

’*'CN'“, Section IV, 8, reactions 1, 2, S, 4, 6, 

’^SCN“. Section IV, 10, reactions 1, 2, 3, 6, 8, 

CF. Section IV, 14, reactions i, 2, 3, 

Br^. Section IV, 15, reactions 4, 2, 5, 8. 

F. Section IV, 16, reactions 4, 2, 4, 7, 9, 

F“. Section IV, 17, reactions 4, 2, 6, 

NOs** , Section IV, 18, reactions 4, 2, 3, 4. 

^ClOg''. Section IV, 19, reactions 4, 2, 5, 6, 7, 10, 

*B407 ^ (borate). Section IV, 23, reactions 4, 2, 3, 8, 

SO4 . Section IV, 24, reactions 4, 2, 6 . 

PO4 . Section IV, 28, reactions 4, 3, 4, 5, 6, 

Cr04 . Section IV, 33, reactions 4, 2, 3, S, 6. 

*6211302'“ (acetate). Section IV, 35, reactions 4, 2, 3, 4, 6. 

*62 04'"’“ (oxalate). Section IV, 37, reactions 4, 2, 3, 4, 5, 

VI, 3. Systematic Analysis. General Considerations. — 
The student must realise that the object of qualitative analysis 
is not simply to detect the constituents of a given mixture; 
an equally important aim is to ascertain the approximate 
relative amounts of each component. For this purpose about 
0*2 gram of material is usually employed for the analysis : the 
relative magnitudes of the various precipitates will provide a 
rough guide as to the proportions of the constituents present. 
Every analysis is divided into three parts : 

(1) The preliminary examination. This includes preliminary 
examination by dry tests, examination of the volatile products 
with sodium hydroxide solution (for ammonium), and with 
dilute and concentrated sulphuric acid (for acid radicals or 
anions). A special preliminary test for nitrate and/or nitrite 
is also made here. 

(2) The examination for acid radicals {or anions) in solution. 

(3) The examination for metal ions {or cations) in solution, 

VI, 4. PRELIMINARY TESTS 

Test (i). Heating in a closed tube.— Place about 5 mg. 
of the substance in a dry ignition tube (70 X 4-5 mm.) so that 
none of it remains adhering to the sides and heat cautiously 
with a semimicro burner ; the tube should be held in an almost 
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Observation Inference 

(a) A gas or vapour is evolved. 

1. Water is evolved; test with litmus Compounds with water of 

paper. crystallisation (often accom- 

panied by change of colour), 
ammonium salts, acid salts 
and hydroxides. 

The water is alkaline. Ammonium salts. 

The water is acid. Readily decomposable salts of 

strong acids. 

2. Oxygen is evolved (rekindles a glow- Nitrates, chlorates and certain 

ing splint). oxides. 

3. Nitrous oxide (rekindles a glowing Ammonium nitrate or nitrate 

splint) and steam are evolved. mixed with an ammonium 

salt. 

4. Dark brown or reddish fumes (oxides Nitrates or nitrites of heavy 

of nitrogen) ; acidic in reaction, metals. 

5. Carbon dioxide is evolved (lime water Carbonates or bicarbonates, 
is rendered turbid). 

6. Ammonia is evolved (txims red litmus Ammonium salts, 
paper blue). 

7. Sulphur dioxide is evolved (odour of Normal and acid sulphites; 

burning sulphur; turns potassium di- thiosulphates; certain sul- 
chromate paper green; decolourises phates. 

fuchsin solution.) 

8. Hydrogen sulphide is evolved (odour Hydrated sulphides or sill- 

of rotten eggs; turns lead acetate phides in the presence of 
paper black or cadmium acetate water. 

paper yellow). 

9. Chlorine is evolved (yellowish-green Unstable chlorides, e,g, of 
gas; bleaches litmus paper; turns copper; chlorides in the 
potassiinn iodide-starch paper blue) ; presence of oxidising agents. 
very poisonous. 

10. Bromine is evolved (reddish-brown Sources similar to chlorine, 
vapour; choking odour; turns fluo- 
rescein paper red). 

11. Iodine is evolved (violet vapours Free iodine and certain 

condensing to black crystals). iodides. 


(b) A sublimate is formed. 

1. White sublimate.* * Ammonium and mercuric 

salts; ALS 20 g; Sb 20 g. 

2. Grey sublimate, easily rubbed to Hg. 
globules. 

3. Steel-grey sublimate; garlic odour. As. 

4. Yellow sublimate. S (melts on heating), As gSg, 

Hglj (red when rubbed with 
a glass rod). 

* If a white sublimate forms, heat with four times the bulk of anhydrous 
NagCOs and a little KCN in an ignition tube. A grey mirror, convertible 
into globules on rubbing with a glass rod, indicates Hg {Note: Hg vapour 
is very poisonous); & browmish-black mirror, yielding a white sublimate 
and an odour of garlic when heated in a wide tube, indicates As; ammonia 
evolved (test with mercurous nitrate paper) indicates ammonium salts. 
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horizontal position. Raise the temperature gradualy and 
carefully note any changes which take place. 


Test (ii). Charcoal block reductions* 

(a) Heat a little of the substance (say, 2-3 mg.) in a small 
cavity in a charcoal block in a blowpipe flame. 


Observation 

Inference 

1. The substance decrepitates. 

2. The substance deflagrates. 

3. The substance is infusible or incan- 
descent, or forms an incrustation upon 
the charcoal. 

Crystalline salts, e,g. NaCl, KCL 
Oxidising agents, e.g. nitrates, 
nitrites and chlorates. 

Apply test (6) below. 


(6) Mix the substance (3-5 mg.) with twice its bulk of an- 
hydrous sodium carbonate, place it in a cavity in a charcoal 
block, and heat in the reducing flame of the blowpipe. 


Observation 

Inference 

1. Incrustation without metal: 


White, yellow when hot. 

ZnO. 

White, garlic odour. 

ASgOg. 

Brown. 

CdO. 

2. Incrustation with metal: 


White incrustation; brittle metal. 

Sb. 

Yellow incrustation ; brittle metal. 

Bi. 

Yellow incrustation; grey and soft 

Pb. 

metal, marks paper. 


3. Metal without incrustation: 


Grey metalHo particles, attracted by 

Fe, M, Co. 

magnet. 


Malleable beads. 

Ag and Sn (white) ; Cu (red 


flakes). 


Test (iii)* Flame colorations.— Place 2-3 milligrams of 
the substance in a depression of a spot-plate, moisten with a 
few drops of concentrated hydrochloric acid, and introduce a 
little of the substance on a clean platinum wire into the base 
of a non-luminous flame of a semimicro burner. Alternatively, 
dip the platinum wire into concentrated hydrochloric acid con- 
tained in a depression of a spot plate and then into the sub- 
stance; sufficient will adhere to the platinum wire for the test 
to be carried out. 
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Observation j 

Inference 

Persistent golden-yellow flame. ' 

Na. 

Violet (lilac) flame (crimson tlirough 

K. 

cobalt-blue glass). 


Brick-red (yellowish-red) flame. 

Ca. 

Crimson flame. 

Sr. 

Yellowish-green flame. 

Ba. 

Livid-blue flame (wire slowly corroded). 

Pb, As, Sb, Bi, Cu. 


The sodium flame masks that of other elements, e.g. that of 
potassium. Mixtures can be readily detected with a direct- 
vision spectroscope (see Section II, 1, 4). A less delicate 
method is to view the flame through two thicknesses of cobalt- 
blue glass, whereby the yellow colour due to sodium is masked 
or absorbed ; potassium then appears crimson. 

Test (iv). Borax bead reactions. — ^Make a borax bead in 
a loop of platinum wire by dipping the hot wire into borax and 
heating until colourless and transparent. Bring a minute 
quantity of the substance into contact with the hot bead and 
heat in the outer or oxidising flame. Observe the colour when 
the bead is hot and also when it is cold. Heat the bead in the 
inner or reducing flame and observe the colour in the hot and 
cold states. Coloured beads are obtained with compounds of 
copper, iron, chromium, manganese, nickel and cobalt; the 
most characteristic result is for cobalt. 


Ooddising flame 

Reducing flame 

Metal 

1. Green when hot; blue 
when cold. 

Colourless when hot, 
opaque-red when cold. 

Cu. 

2, Yellow, hot and cold. 

Green, hot and cold. 

Fe. 

3. Bark yellow when hot, 
green when cold. 

Green, hot and cold. 

o. 

4, %olet (amethyst), hot and 
cold. 

Colourless, hot and cold. 

Mu, , 

5. Blue, hot and cold. 

Blue, hot and cold. 

Grey when cold. 

Co. 

6. Reddish-brown when cold. 

'.nl; ■; 


Test (v). Test for ammonium radical. — ^Mix 4-5 mg. of 
the substance with about 0*2 ml, (say, 4^5 drops) of sodium 
hydroxide solution in a semimicro test-tube, introduce a Pyrex 
filter tube carrying a strip of red litmus paper and place the 
assembly (Fig. II, 3, 19, a) in the hot water rack (Fig. II, 3, 13). 
The evolution of ammonia, detected by its action upon the 
reagent paper, indicates the presence of an ammonium salt. 
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Filter paper moistened with merctirons nitrate solution may also be 
used: this is blackened by ammonia. The mercurous nitrate reagent 
contains an excess of free nitric acid; it is advisable, therefore, to add 
sodium carbonate solution dropwise and with stirring to about 1 ml. 
of mercurous nitrate solution until a slight permanent precipitate is 
produced: the solution is centrifuged and the centrifugate is employed 
for the preparation of mercurous nitrate paper. 

Alternatively, drop-reaction paper treated with 2-3 drops of 5 per 
cent tannic acid solution and ^3 drops of 20 per cent silver nitrate 
solution may be used: it is blackened by ammonia. 

Bote. Sodium hydroxide is a dangerous substance because of its 
destructive action upon the eyes. Great care should be taken that 
the test-tube containing the hot sodium hydroxide solution, par- 
ticularly in test (vi), is directed away from the eyes of the observer 
and his near neighbours. The solution, when heated directly, has a 
tendency to ‘'bump. 

Test (vi). Test for nitrate (or nitrite). — If ammonium is 
found, transfer the solution from test (v) with the aid of 0-5 
ml. of water to a semimicro boiling tube (or crucible), add 0*5 
ml. of sodium hydroxide solution and evaporate down to a 
volume of about 0*2 ml. — ^this treatment completely decomposes 
the ammonium salt. Transfer the residue to a semimicro test- 
tube, rinse the vessel with 0*5 ml. of sodium hydroxide solution 
and add this to the contents of the test-tube. Then add 10 
mg. of Devarda’s alloy (or of aluminium powder or thin foil), 
introduce a Pyrex filter tube provided with a loose plug of 
cotton wool at the lower end and containing a strip of red 
litmus paper or mercurous nitrate paper (Fig. JJ, 3, 19, a), 
and place the assembly in the hot water rack. If frothing 
occurs, remove the apparatus from the water bath until the 
vigorous reaction has subsided. 

If ammonium is absent, add about 10 mg. of Devarda’s 
alloy (or of aluminium as powder or thin foil) and 0*2-0-3 ml. 
of sodium hydroxide solution to the reaction mixture from 
test (v), introduce the filter tube carrying the reagent paper 
and proceed as above. 

If ammonia is evolved, as detected by its action upon red 
litmus paper or upon mercurous nitrate paper, the presence of 
a nitrate or nitrite is iadicated. Nitrite will also be detected 
in the reaction with dilute sulphuric acid {see test (vii)}: if 
nitrite is absent, the presence of nitrate is established. 

It must be emphasised that both the mercurous nitrate paper test 
and the tannic acid-silver nitrate paper test is not applicable in the 
presence of arsenites. Arsenites are reduced under the above conditions 
to arsine, which also blackens the test papers. 
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Test (vii). Action of dilute siilphiiric acid.— Treat 6-10 
mg. of the substance in a semimicro test-tube with about 
0*3-”0*6 ml. of 2iV' sulphuric acid and note whether any reaction 
takes place in the cold (indicated by C). Heat the mixture 
on a water bath and observe the effect produced. 


Observation 

Inference 

1. Colourless gas is evolved with effervescence; 

gas is odourless and produces a turbidity 
when passed into lime water (see Fig. II, 3, 
19). (0) i 

2. Nitrous fumes evolved; recognised by red- 
dish-brown colour and odour. {G) 

3. Yellowish-green gas evolved; suffocating 
odour, reddens then bleaches litmus paper, 
also turns starch-KI paper blue; very 
poisonous, (G) 

4. Colourless gas evolved with suffocating 
odour; turns iilter paper moistened with 

solution green; decolourises fuchsin 

solution. 

5. Colourless gas evolved; gives above tests for 
SO 2,* sulphur is deposited in the solution. 

6. Colourless gas evolved; odour of rotten eggs; 
blackens flter paper moistened with lead 
acetate solution; turns cadmimn acetate 
paper yellow. 

7. Odour of vinegar. 

8. Colourless gas is evolved; rekindles glowing 
splint, 

9. Colourless gas evolved; odour of bitter 
ahuonds,t highly poisonous, 

10. Upon boiling, yellow solution formed and 
SO2 (fuchsia solution decolourised, etc.) 
evolved. 

CO 2 from carbonate or 
bicarbonate, 

NO2 from ni^n^e. 

CI2 from hypochlorite, 

SO 2 from sulphite. 

SO 2 and S from thio- 
sulphate, 

HgS from sulphide,* 

H.CgHjOj from 
acetate, 

Oj from peroxides or 
per-scdts of alkali and 
alkaline earth metals. 

HCN from cyanide or 
from soluble/em- and 
ferro-cyanides, 

SO 2, etc., from thio- 
cyanate. 


Test (viii). Action of concentrated sulphuric acid. — 
Treat 5-10 mg. of the substance in a semimicro test-tube with 
0*3-0*5 ml. of concentrated sulphuric acid. K no reaction 
occurs in the cold, place the tube in the hot water rack. (If 

* Many sulphides, especially native ones, are not affected by dilute H2SO4 ; 
some HgS is evolved by warming with concentrated HCl alone or with a 
little tin. 

f If cyanide is suspected, gently warm (water bath) 6 mg. of the mixture 
with 5 drops of 2N H2SO4 in a semimicro test-tube carrying over the mouth 
a piece of filter paper moistened at the centre with 1 drop of dilute NaOH 
solution. After 2 minutes, treat the drop on the paper with 1 drop of FeS04 
solution, warm and add a drop or two of CN HCl. A blue colour indicates 
the presence of a cyanide. For another test, see Section IV, 8, reaction J. 
Mercuric cyanide is attacked slowly. 
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chlorate is siispected from the prelimmary charcoal rednotion 
test to be present, use not more than 5 mg. for this test, as an 
explosion may result on warming.) 

If the substance reacted with dilute sulphuric acid, the 
addition of the concentrated acid may result in a vigorous 
reaction and rapid evolution of gas, which may be accompanied 
by a very fine spray of acid. In such a case it is best to add 
dilute (2^) sulphuric acid from a capillary dropper to another 
portion of the substance until action ceases, and then to add 
1 ml. of concentrated sulphuric acid. 


Observation Inference 

1. Colourless gas evolved with puiigeu.t odour HCl from cMonde. 
and which fumes in the air; white fumes of 

NH4CI in contact with glass rod moistened 
with concentrated NH3 solution; Cl^ evolved 
on addition of MnOg (reddens then bleaches 
litmus paper). 

2. Gas evolved with pimgent odour, reddish HBr and Br^ from 
colour and fumes in moist air; on addition bromide. 

of MnOg increased amount of red fumes with 
odour of Brg (fumes colour filter paper 
moistened with fluorescein solution red). 

3. Violet vapours evolved, accompanied by HI and Ig from iodide. 
pungent acid fumes, and often SOg and even 

HgS. 

4. Yellow gas evolved in the cold with charac- ClOg from chlorate. 
teristio odour; explosion or crackling noise 

on warming gently (BANGER!). 

5. “Oily” appearance of tube in cold; on warm- HF from fluoride. 
ing, pungent gas evolved, which corrodes the 

glass; if moistened glass rod introduced into 
the vapour, a gelatinous precipitate of hy- 
drated silica is deposited upon it. 

6. Pungent acid fumes evolved, often coloiu*ed HNO3 and ISTOg from 
brown by NO 2; colour deepens upon addition nitrate. 

of copper turnings (if nitrite absent). 

7. Yellow coloration in cold; upon warming, COS, SOg and S from 
vigorous reaction, COS (bums with blue thiocyanate, 

jaame), SOg (decolourises fuchsin solution) and 
free S produced. 

8. Colourless gas evolved; bums with a blue CO ftom. forrimte. 

flame;* no charring 

9. Colourless gas evolved; renders lime water CO and COg from 
turbid and may also bum with a blue flame; oxalate. 

no blackening. 


* The burning splint should be introduced into the tube; the application 
of a flame to the mouth of the tube frequently fails to ignite the gas owing 
to its dilution with air in the tube. 
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VI, 5. EXAMINATION FOR ACID RADICALS . 
(ANIONS) IN SOLUTION 

The preliminary tests (vii) and (viii) with, dilute sulphuric 
acid and with concentrated sulphuric acid will have provided 
useful information as to many acid radicals present. For more 
detailed information, it is necessary to have a solution contain- 
ing all (or most) anions free from heavy metal ions. This is 
best prepared by boiling the substance with concentrated 
sodium carbonate solution ; double decomposition occurs (either 
partially or completely) with the production of the insoluble 
carbonates* of the metals (other than alkali metals) and the 
soluble sodium salts of the anions, which pass into solution. 
Thus, if the unknown substance is the salt of a bivalent metal 
M and an acid HA, the following reaction will occur : 

MAg + NaaCOs ^ MCO 3 + 2NaA 

The carbonate MCO 3 is insoluble and the sodium salt NaA will 
pass into solution. whether MA 2 is soluble in water or not. 

Preparation of solution for testing for anions. — ^Boil 200 
mg. of the finely divided substance or mixture with 2*5 ml. of 
a saturated solution of pure sodium carbonate f (prepared from 
0*4 gram of anhydrous sodium carbonate and 2*5 ml. of distilled 
water) for 5-10 minutes in a 10 ml. conical flask with a fuimel 
ta the mouth to reduce the loss by evaporation.! Transfer, 
with the aid of about 0*5 ml. of water, to a 4 ml. semimicro 
test-tube and centrifuge. Remove the centrifugate to another 
test-tube: add 1 ml. of hot distilled water to the residue, stir 
and add the clear washings to the original centrifugate; the 
total volume should be 3-4 ml. The sodium carbonate extract 
will be termed the “Na 2 G 03 prepared solution.” Use the 
solution to carry out the following tests. 

1 . Sulphate test. — ^To 5 drops of the ‘'Na 2 C 03 prepared 
solution” in a 4 ml. test-tube add dilute hydrochloric acid until 
acid (test with litmus paper) and then add 3 drops in excess. 
Place in the hot water rack for 5 minutes to expel carbon di- 

* Certain carbonates, initially formed, are converted into insoluble basic 
carbonates or into hydroxides. 

t It is essential to use pure sodium carbonate ; the A.R. solid is satisfactory. 
Some “pure” samples may contain traces of sulphate or chloride: the absence 
of these impurities should be confirmed by a blank experiment. 

t If no precipitate is obtained, the substance is virtually free from heavy 
metals, and the sodium carbonate treatment may be omitted if more of the 
solution is required. 
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oxide completely, and then add 2-3 drops of barium chloride 
solution. A white precipitate {BaS04) shows the presence of 
sulphate. 

2. Test for reducing agents. — ^Acidify 6 drops of the 
‘‘Na2C03 prepared solution’’ with dilute sulphuric acid and 
add 3 drops of dilute sulphuric acid in excess. Add 2-3 drops 
of 0'02A^ potassium permanganate solution (prepared by dilu- 
tion of 1 drop of OTA KMn04 with 4 drops of water and mixing 
well). Bleaching of the permanganate solution indicates the 
presence of one or more of the following reducing anions: 
sulphite, thiosulphate, sulphide, nitrite, bromide, iodide and 
arsenite. If the permanganate is not decolourised, place the 
tube in the hot water rack for several minutes and observe the 
result. If the reagent is bleached only on heating, the presence 
of oxalate is indicated. A negative test shows the absence of 
the above anions. 

3. Test for oxidising agents. — ^Acidify 5 drops of the 

‘‘Na2C03 prepared solution” cautiously with concentrated 
hydrochloric acid and add 2 drops in excess, followed by 3-5 
drops of the manganous chloride reagent. Place in the hot 
water rack for 1 minute. A brown (or black) coloration in- 
dicates the presence of nitrite, chlorate or chromate. A 

negative test indicates the absence of the above oxidising 
anions except for small amoxmts of nitrates or nitrites. If 
reducing anions have been found, the test is inconclusive. 

Note. The reagent consists of a saturated solution of manganous 
chloride, MnCl2,4H20, in concentrated hydrochloric acid. Its action 
depends upon its conversion by even mild oxidising agents to a dark- 
brown coloured manganic salt, probably containing the complex 
[MnCy— or [MnCy- ions. 

4. Tests with silver nitrate solution. — Sulphide, cyanide 

and sulphite interfere in tests with silver nitrate solution, hence 
if any of these anions was detected in the preliminary test with 
dilute sulphuric acid, it must be removed first as follows. 
Acidify 1 ml, of the prepared solution” with dilute 

acetic acid (use litmus paper) and boil gently in a small conical 
flask or crucible in the fume cupboard to expel H2S, HCN or 
SO2 (1-2 minutes). It is important that the solution be acid 
throughout. Centrifuge, if necessary, and allow to cool. If 
the volume has been reduced appreciably, add water to restore 
the original volume (solution /S). 
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Acidify 1*0 ml. of the ** NagCOg prepared solution ” cautiously with dilute 
HNO 3 (use litmus paper). Determine the total volume of the acidified 
solution (or of solution with the aid of a small measuring cylinder or 

calibrated 2 ml. pipette, add one- tenth of the volume of concentrated 
HNO 3 and stir for lO-is seconds. Then add a few drops of AgNOg 
solution with stirring. If a precipitate forms, place the test-tube or 
centrifuge tube in the hot water rack and add AgNOg solution slowly and 
with stirring until precipitation is complete. Centrifuge and wash with 
a few drops of N HNOg. 

Residue. 
AgCl — ^white. 
AgBr — ^pale 
yellow. 
Agl — ^yellow. 
[AgSCN— 
white.] 

Centrifugate. Add 3-4 drops of AgNOs solution, then 
1-2 drops of 20% NaNOg solution (prepared from the A.R. 
solid) and stir. If a white ppt. (AgCl) forms, chlorate is 
present: continue the addition of NaNOg solution drop- 
wise imtil precipitation is complete. [If no ppt. forms, 
do not add more NaNOg solution.] Centrifuge, if neces- 
sary, and wash with 2 drops of N HNO 3 . 


Residue. 

AgCl 

derived 

from 

AgClOg. 

Centrifugate. Add NaOH solution drop- 
wise and with vigorous stirring until the 
solution is just neutral to litmus or, better, 
barely alkaline to nitrazine yellow indicator 
(l)j then add 2-3 drops of dilute acetic acid 
and 5 drops of AgNOg solution. Heat to 
about 80 “0 in the water bath (2). If a per- 
manent ppt. forms, add more AgNOg solution 
until precipitation is complete. Centrifuge, 
and wash with a few drops of hot water. 



Residue (3). 
Ag 3 P 04 ~yellow. 

Ag 3 As 04 — ^brownish-red. 
AggAsOs— yellow. 

Ag 2 C 204 — ^white. 

Centrifugate. 

Reject. 


Notes. (1) It is essential that the solution he just neutral to 
litmus or, at most, barely alkaline; the latter will be indicated by 
a very slight brown opalescence {due to Ag 20 ) obtained after 
shaking. If much brown silver oxide separates, it will re-dissolve 
only with difficulty. 

The introduction of 1 drop of nitrazine yeUow indicator into the 
solution is to be preferred. (This indicator covers the pH range 
5*5-7-2 and the colour change is from yellow to blue.) The addition 
of NaOH solution is continued until the solution just assumes a pale 
blue colour. 

(2) Silver acetate is soluble in hot water and is thus held in 
solution. 

(3) If chromate is present (yellow or orange solution), it will be 
reduced by the ]SraN 02 treatment and will be precipitated here 
as green chromic hydroxide. Ghromoite ib readily detected in the 
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prepared solution’’ as follows. Acidify 5 drops of the 
solution with dilute HNO3 and cool. Add 0-3 ml. of amyl alcohol 
and 2 drops of 3 per cent H2O2 solution. A blue coloration (“per- 
chromic acid”) in the organic layer confirms chromate. 

The separations described in the above table are based upon 
the following facts : 

(i) AgNOg solution precipitates only AgCl, AgBr and Agl 
from a dilute nitric acid solution, the other silver salts being 
soluble. 

(ii) ]SraN02 solution reduces chlorate to chloride, which is 
precipitated as AgCl in the presence of Ag]Sr03 solution : 

NaClOa + SNaNOg = NaCl + SNaNOs 

(iii) In solutions faintly acid with acetic acid, phosphate, 
arsenate, arsenite and oxalate are precipitated by AgN03 
solution. 

If a mixture of halides, or of phosphate, arsenate and 
arsenite, is suspected, use the methods of separation given in 
Section VII, 16. The confirmatory tests for the individual 
anions are collected in Section VI, 6. 

The reactions with silver nitrate solution are intended to act 
as a guide to the presence of groups of anions, and the table 
must be interpreted in conjunction with the observations made 
in the preliminary tests. Arsenite, arsenate and chromate will 
be found in the analysis for cations (Section VI, 8). 

5. Tests with calcium chloride solution.*— For tests 
5 and 6 a “Na 2 C 03 practically neutral solution” is required. 
This is obtained as follows. Take 0*5 ml. of the '‘]Sra2C03 
prepared solution” in a semimicro boiling tube (or small 
crucible) and render it faintly acid with dilute nitric acid (use 
litmus paper). Heat to bpiliag for about 30 seconds to expel 
carbon dioxide, etc., allow to cool, then add dilute ammonia 
solution until just alkaline, f and boil for 30 seconds to expel 
the slight excess of ammonia. Transfer the ''Na2C03 prac- 
tically neutral solution” to a semimicro test-tube and divide 
into two equal parts; reserve half for test 6. 

* Tests 5 and 6 may be omitted by those requiring only a beginner’s course 
in qualitative analysis. 

t If a ppt. forms on neutralising the solution, the presence of arsenic, 
antimony and tin sulphides and possibly salts of amphoteric bases (lead, tin, 
aluminium and zinc) is indicated. The ppt. should be filtered off and rejected. 
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Add an equal volume of CaClg solution and place in the hot water rack 
for 5 minutes. Centrifuge and wash with a few drops of hot water. 

Residue. May be calcium fluoride, oxalate, phos- 
phate and arsenate. j 

Add 1 ml. of dilute acetic acid, heat in the hot water I 
rack for 2~~$ minutes and centrifuge. 

Centrifugate. 

Reject. 

Residue. May be calcium 
oxalate and calcium fluoride. 

Extract with 1 ml. of hot dilute 
H 2 SO 4 and centrifuge, if necessary. 
Treat the hot centrifugate or solu- 
tion with 2 drops of 0’02N KMn 04 
solution. If the permanganate is 
decolourised, oxalate is present. 
If the ppt. is not completely 
soluble in dilute H 2 SO 4 , test the 
original substance for fluoride by 
the water-film test (Section VI, 6 ). 

Centrifugate. Add NaOH 
solution dropwise until neutral (use 
litmus or nitrazine yellow indicator) . 

White ppt. (sometimes separa- 
ting slowly). 

Arsenate and/or phosphate 
present. 

Treat the suspension or neutral 
solution with a few drops of AgNOg 
solution. A yellow ppt. indicates 
phosphate: a brownish-red ppt. 
indicates arsenate or arsenate -f- 
phosphate. 



6. Test with ferric chloride solution, — ^Treat the other 
portion of the '‘Na 2 C 03 practically neutral solution” from 
test 5 with a few drops of aqueous FeCl 3 solution.* 

Reddish-purple coloration indicates thiosulphate. 

Reddish-brown coloration, jielding a brown precipitate on 
dilution and boiling in a semimicro boiling tube, indicates 
acetate. 

Yellowish-white precipitate indicates phosphate. 

Blood-red coloration, discharged by HgCl 2 solution, indicates 
thiocyanate. 


VI, 6. CONFIRMATORY TESTS FOR ACID 
RADICALS OR ANIONS 

The tests in the preceding section will indicate the acid 
radicals or anions present. In general, these should be con- 
firmed by at least one distinctive confirmatory test. The 
following are recommended. Full experimental details will be 

* The bench reagent usually contains excess of free acid added during its 
preparation in order to produce a clear solution; this may prevent the precipi- 
tation of the basic acetate on boiling. It is therefore recommended that dilute 
NHg solution be added dropwise to 1 ml. of side-shelf FeClg solution until a 
slight precipitate forms and the mixture centrifuged. The clear centrifugate 
(sometimes termed ‘‘neutral FeCl^ solution”) is employed in the test. 
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fomd ill Chapter IV imder the reactions of the acid radicals 
(anions) ; the reference to these will be abbreviated as follows : 
thus (IV5 2, 7) is to be interpreted as Section IV, 2, reaction 7. 
It will of course be realised that the tests in Chapter IV refer 
to reactions on the macro scale; the student should have no 
difficulty in reducing these to the semimicro scale when once 
the technique described in Section II, 3 has been acquired. 
Particular attention is directed to the apparatus shown in 
Fig, II, 3, 19, which is employed in testing for evolved gases 
with reagent papers and liquid reagents. It is assumed that 
interfering anions are absent or have been removed as des- 
cribed in Section VI, 7 under Special Tests for Mixtures of Acid 
Badicals (Anions), 

Chloride. Mix 20 mg.* of the substance with an equal 
weight of Mn02 of concentrated H2SO4, and place 

in the hot water rack; CI2 evolved (reddens then bleaches 
litmus paper and also turns Kl-starch paper blue) (I V, 14, 2), 

Bromide. MnO^ and concentrated H2SO4 test (as under 
Chloride)] Br2 evolved (IV, 15, 2) ob dissolve 20 mg. of the 
substance in 0*5 ml. of water, add 5 drops of dilute HCl, 5 
drops of CCI4 and 2-3 drops of NaOCl solution and shake; 
reddish-brown coloration of CCI4 layer (IV, 15, 5). 

Iodide. NaOCl solution, dilute HCl and CCI4 test (as under 
Bromide)] violet coloration of CCI4 layer (IV, 16, 4), 

Fluoride. Fit a 4 ml. (75 x 10 mm.) test-tube with a cork 
carrying a tube about 8 cm. long and of about 3 mm, bore: cut 
a V-shaped groove in the cork. Adjust the tube in the cork 
so that the lower end is about 2*5 cm. from the bottom of the 
test-tube (compare Fig. FJ/, 2, 1). Place 16-20 mg. of the 
substance and 0-5 ml. of concentrated H2SO4 in the test-tube, 
dip the glass tube into water so that a film of water almost 
seals the lower end to a depth of about 6 mm., insert into the 
test-tube, and place in the hot water rack. The formation of 
a white film in the water confirms (IV, 17, 1), 

The zirconium-alizarin-S test (IV, 17, 6) may be used if 
oxalate is known to be absent and also in the absence of sul- 
phates, thiosulphates, nitrites, phosphates and arsenates in 
quantities greater than that of the fluoride. 

* The weights and volumes given in the suggested confirmatory tests are 
very approximate and serve to indicate a reasonable scale for the various 
operations. They are given solely for the guidance of the student ; satisfactory 
results can, however, he ohtamed on an a(ppreciahly smarter scale. 
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Nitrite, Treat 10-20 mg. of the substance with 0*5 ml. of 
dilute acetic acid, 10 mg. of thiourea and 3 drops of FeGlg 
solution. Red coloration (IV, 7, 9). 

Nitrate. Brown ring test with FeS04 solution and con- 
centrated H2SO4 (IV, 18, 5) if bromide, iodide, chlorate and 
nitrite absent, (i) Dissolve 10-20 mg. of the substance in 0*5 
ml. of water. Cautiously add 1 ml. of concentrated H2SO4, 
mix and cool under running water. Incline the tube and with 
great care allow about 0*5 ml. of PeS04 solution to run slowly 
down the side of the tube so that it forms a layer above the 
heavy sulphuric acid (Fig. VI, d, 1). Observe the brown ring 



at the junction of the two liquids after 1-2 minutes, (ii) Dis- 
solve 10-20 mg. of the substance in 0*5 ml. of water and add 
about 1 ml. of FeS04 solution. Incline the tube and allow 
0*5-1 ml. of concentrated H2SO4 to run slowly down the side 
of the tube to form a layer under the solution (Fig. VI, 6, 1), 
and after 1-2 minutes observe the brown ring at the inter- 
face. 

Sulphide. Treat 10-20 mg. of the substance with 0*5 ml. 
of dilute H2SO4. Place the tube in the hot water rack and 
test with lead or cadmium acetate paper (IV, 6, i). 

Sulphite, T^ 10-20 mg. of the substance with 0*5 ml. 
of dilute H2SO4, place the tube in the hot water rack, and test 
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for SGg witli K2Gr207 paper* (Fig. II, 3, 19, a) or with 0*2 ml. 
of fuchsin solution (Fig. II, 3, 19, 6) (IV, 4c, 10). 

ThiosBlphate. Dilute H2SO4 on solid and liberation of SO2 
(£201207 test^ — details under Sul f kite) mA sulphur (IV, 5, 1). 

Sulphate. The BaCl2 solution and dilute HCl test is fairly 
.conclusive. 

Further confirmation is obtained as follows. Centrifuge the sus- 
pension and remove the supernatant liquid. Add 1 mi. of water, stir, 
centrifuge and discard the centrifugate. Add 3-4 drops of water, stir 
thoroughly to produce a fairly uniform suspension, transfer the sus- 
pension to a small plug of cotton wool in a small ignition tube, introduce 
2-3 drops of ISTagCOg solution and heat cautiously to redness. Maintain 
the lower part of the tube at a red heat for 2-3 minutes and allow to 
cool. Break the tube, transfer the residue as completely as possible to 
a semimicro test-tube, add 0*5 ml. of dilute HCl and introduce a Pyrex 
filter tube carrying a strip of filter paper moistened with lead acetate 
solution. Place the assembly in the hot water rack. A brown stain 
on the paper confirms sulphate. 

The lead acetate test on the solution and the dissolution of 
the resulting precipitate of lead sulphate in ammonium acetate 
solution are also characteristic (IV, 24, 2). 

Carbonate. Treat 10-20 mg. of the substance with 0-5 ml. 
of dilute H2SO4, place the tube in the hot water rack, and test 
with 0*2-0'5 ml. of lime water (Fig. II, 3, 19, b or c) (IV, 2, 1). 

Hypochlorite. Treat 10-20 mg. of the substance with 0*5 
ml. of dilute HCl, place the tube in the hot water rack and test 
for CI2 with Kl-starch paper and with litmus paper (IV, 13, i). 

Chlorate. The Ag]S[03-]SraN02 test is conclusive (see table 
in Section VI, 5, test 5; also IV, 19). 

Chromate. Mix 10-20 mg. of the substance with 0*5 ml. 
of dilute H2SO4, add 0-5 ml. of amyl alcohol and 0-3 ml. of 
lO-volume H2O2; blue colour of alcohol layer (IV, 33, 4). 

Arsenite. Immediate ppt. of AS283 in dilute HCl solution 
(III, 11, 1) and absence of ppt* with magnesium nitrate re- 
agent (III, 11, 3). 

Arsenate. Action of H2S on acid solution (HI, 12, 1), 
AgN03 solution test in faintly acetic acid solution (HI, 12, 2), 
and magnesium nitrate reagent test (III, 12, 3). 

Phosphate. Mix 10-20 mg, of the substance with 0*5 ml. 
of dilute HDSrOs, add 1 ml. of ammonium molybdate reagent, 

For the preparation of KgCkgOy paper, the dichromate solution should be 
almost saturated. 



7] Systematic Semimicro Qualitative Inorganic Analysis 475 

and place the tube in the hot- water rack for a minute or two. 
Yellow ppt. (IVj 28, 4). 

Cyanide. Prussian blue test {IV, 8, i) or ammonium sul- 
phide test (IV, 8, i, 6). 

Thiocyanate. Perric chloride solution test; colour dis- 
charged by HgCl2 solution or by NaF solution, but not by HCl 
(IV,10, d). 

Borate. Flame test (IV, 23, 2); or turmeric paper test 
(IV, 23, 3); or mannitol-bromothymol blue test (IV, 23, 5). 

Acetate. Mix 20 mg. of the substance with 1 mi. of ethyl 
or '^-butyl alcohol and 5 drops of concentrated H2SO4. Heat 
in the hot water rack for 10 minutes, and pour into 2 ml. of 
Na2C03 solution — characteristic odour of ester (IV, 35, 3) 
OR, better, indigo test (IV, 35, P). Mix 15 mg. of the substance 
with 15 mg. of CaC03 in a semimicro test-tube, introduce a 
pressure-filter tube carrying a strip of filter paper moistened 
with a solution of 5 mg. of o-nitrobenzaldehyde in 1 ml. of 
NaOH solution. Heat the test-tube strongly. Blue or green 
stain on paper confirms acetate. 

Oxalate. Precipitate with CaCl2 solution in the presence 
of dilute acetic acid, the precipitate decolourises a dilute acid 
solution of KMn04 (IV, 37, 3, 4 and VI, 5, 5 ) ; resorcinol test 
(IV, 37, 5). 

VI, 7. SPECIAL TESTS FOR MIXTURES OF ACID 
RADICALS (ANIONS) 

The subject is treated fully in Section IV, 45, and again (for 
elementary students) in Section V, 6, but on a macro scale. 
The student should be able to adapt these to semimicro work. 
Some typical semimicro separations of mixtures of anions are 
given below. The quantities are for guidance only and can 
be reduced, if desired. If the mixture is insoluble in water, 
it is often convenient to employ the ^‘Na2C03 prepared 
solution'’ (Section VI, 5) or the /'Na2C03 practically neutral 
solution” (Section VI, 5, test 5). The special gas testing 
apparatus of Fig. II, 3, 19 will, of necessity, find application 
here. 

1. Carbonate in the presence of Sulphite. — Treat 20 mg. 
of the mixture with 20 mg. of finely powdered K2Cr207 and 
0*5 ml. of dilute H2SO4; place the apparatus (Fig. II, 3, 19, 
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6 or e) in the hot water rack, and test for CO 2 with lime or 
baryta water. [The addition of a few mg. of finely divided 
zinc will generate H2 and assist in driving the CO 2 out of the 
tube.] 

2. Nitrate in the presence of Nitrite. — ^Dissolve 10 mg. 
of the solid in 1 ml. of water. Eemove 1 drop with a glass 
stirring rod and ''spot” on Kl-starch paper moistened with 
very dilute H2SO4 : a blue colour is obtained, due to the iodine 
liberated by the nitrous acid. Add 20-30 mg. of sulphamic 
acid and stir until effervescence ceases : 

HNO2 + HO.SO2.NH2 = Hg + H2SO4 + H2O 

Test for absence of nitrite by "spotting” on Kl-starch paper. 
Then apply the brown ring test (Section VI, 6). 

3. Nitrate in the presence of Bromide and Iodide. — 
Treat 10-15 mg. of the substance with 1 ml. of sodium hydrox- 
ide solution and 10-15 mg. of Devarda’s alloy (or of aluminium 
as powder or as thin foil), place in the hot water rack, and test 
for ammonia with red litmus paper or mercurous nitrate paper 
(Fig. J/, 3, 19, a). 

Mother procedure is to just acidify 5 drops of the "Na2C03 
prepared solution” with dilute acetic acid, and then add the 
ammoniacal silver sulphate reagent (see Section IV, 45, 3) 
dropwise until precipitation is complete. Centrifuge. Add 
excess of concentrated H2SO4 cautiously to the centrifugate 
and apply the brown ring test , 

4. Nitrate in the presence of Chlorate.— Test for nitrate 
as under 3 : then acidify with dilute HNO3 and test for chloride 
with a few drops of AgN'03 solution. 

If chloride is originally present, it may be removed by the 
addition of saturated silver sulphate solution or of the ammo- 
niacal silver sulphate reagent. 

5. Chloride in the presence of Bromide and Iodide.— 
Dissolve 10-20 mg. of the solid in 0*5-1 ml. of water in a 
semimicro boiling tube (or use 5-10 drops of the ''N'a2C03 
prepared solution” acidified with dilute HNO3), add 1-T5 ml. 
of concentrated HNO3, and bofi. gently until the bromine and 
iodine are volatilised. Dilute with 1 ml. of water, and test 
for chloride by the addition of a few drops of AgN03 solution. 

Alternatively, repeat the experiment but add 20 mg. of 
precipitated Pb02 instead of the concentrated HNO3. After 
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the bromine and iodine have been eliminated, add 1 ml. of 
water, transfer to a centrifage tube, centrifuge and add a few 
drops of AgNOa solution to the clear centrifugate : a white 
precipitate, soluble in dilute NH3 solution and reprecipitated 
by dilute HNO3, indicates chloride. 

6. Chloride in the presence of Iodide (Bromide being 
absent). — Add excess of AgN03 solution to 0*5 ml. of the 
“Na^COs prepared solution” acidified with dilute HNO3: 
centrifuge and reject the centrifugate. Wash the precipitate 
with about 0*2 ml. of dilute NH3 solution and centrifuge again. 
Acidify the clear washings with dilute HNO3: a white precipi- 
tate (AgCl) indicates the presence of chloride. 

7 . Chloride in the presence of Bromide (Iodide being 
absent). — ^Acidify 0*5 ml. of the “]S[a2C03 prepared solution” 
contained in a semimicro boiling tube with dilute HNO3, and 
add an equal volume of concentrated HNO3. Boil gently until 
all the bromine is expelled, and then add AgN03 solution. A 
white precipitate (AgCl) indicates chloride present. 

8. Bromide and Iodide in the presence of each other. — 
Dissolve 10-20 mg. of the mixture in 0*5-1 ml. of water, add 
5 drops of dilute H2SO4 and 0*3-0*5 ml. of CCI4: or use 0*3 ml. 
of the '‘Na2C03 prepared solution ” acidified with dilute H2SO4, 
add 5 drops of dilute H2SO4 and 0*5 ml. of CCI4. Then in- 
troduce dilute NaOCl solution dropwise, shaking after the 
addition of each drop. A violet coloration of the CCI4 layer, 
which appears first, indicates iodide: this subsequently dis- 
appears and is replaced by a reddish-brown (or brown) colora- 
tion if a bromide is present. 

9 . Thiocyanate, Chloride, Bromide and Iodide in the 
presence of each other. — ^This problem may arise in the tests 
with Aglsr03 solution (see Section VI, 5, test 4) since AgSCN, 
AgCl, AgBr and Agl are precipitated in ca, N HlSr03 solution: 
interfering anions {e,g. 103“" which reacts with SON"") are 
assumed to be absent. The precipitate may be formed, for 
example, from 0*5 ml. of the ‘'Na2C03 prepared solution” 
and is collected, after centrifuging, in a semimicro centrifuge or 
test-tube. Add S-IO drops of water, stir the suspension and 
transfer three-quarters of it by means of a capillary pipette to 
a small crucible; this portion will be used in the tests for CF, 
Br“ and I“, and the remainder for SON". 

Thiocyanate test. — Treat one-quarter of the precipitate 
with 5-10 drops of 5 per cent NaOl solution, heat and stir in 
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the hot water rack for 3~5 minutes (this conYerts part of the 
AgSCN into NaSCN). Centrifuge and add to the clear centri- 
fugate one drop of dilute HGl and one drop of FeC^ solution. 
A red coloration indicates 

If thiocyanate is present, it must be destroyed since it inter- 
feres with the tests for the halides. Dry the main precipitate 
in the crucible by heating gently in an air bath (Fig. II, I, 16), 
remove the air bath and heat directly to dull redness for one 
minute or until all the thiocyanate is decomposed, i.c. until 
blackening of the precipitate and/or burning of sulphur just 
ceases. Prolonged heating should be avoided. Allow to 
cool. 

Mixtures of halides may now be identified as indicated in 
5-8 above: a systematic procedure, which covers the three 
halides, is given below. 

To the residue in the crucible (if thiocyanate is present) or to the 
remainder of the precipitate transferred to a 5 or 10 ml. beaker (if 
thiocyanate is absent), add 100-150 mg. of zinc powder (20 mesh) and 
10-15 drops of dilute H2SO4, Allow the reduction to proceed for 5-10 
minutes with intermittent stirring: g&nth warming for a few seconds 
may be necessary to start the reaction. Transfer the liquid, with the 
aid of a few drops of dilute H2SO4, to a centrifuge tube, centrifuge and 
divide the clear centrifugate into three equal parts. 

Iodide test. Add 4-5 drops of CCI4 and 5 drops of 3 per cent H2O2 
or 5 drops of 25 per cent Fe2{S04)3 solution. Agitate vigorously and 
allow to settle. Purple to violet colour of the CCI4 layer. Iodide 
present. 

Bromide test, (a) If iodide is present, it must be removed by 
treating one-third of the solution with 5 drops of dilute H2SO4 and 
2 drops of 30 per cent ]NraN02 solution (chloride-free). Boil down 
gently to 3-4 drops and allow to cool. Transfer the solution to a 
centrifuge tube and test for bromide as under (6). 

(6) If iodide is absent, use one-third of the solution directly. Add 
an equal volume of concentrated HHOg, heat in the boiling water bath 
for 30 seconds, and cool to room temperature with cold water. Add 
3-4 drops of CCI4 and stir vigorously with a glass rod, A brown colour 
in the CCI4 layer indicates bromide present. 

Chloride test, (a) If iodide and/or bromide present, dilute the 
remaining third of the solution to 0-5 ml., add 1 ml, of concentrated 
HNO3 boil gently until evolution of bromine ceases. Cool, dilute 
and test for chloride as in (6) below with AgNOg solution only. 

(6) If bromide and iodide are absent, add 2 drops each of dilute 
HNO3 and AgNOg solution, A white precipitate (AgCl) indicates 
chloride present. 

10. Phosphate, Arsenate and Arsenite in the presence 
of each other. — This problem may arise in the test with 
AgNOs in neutral solution (see Section VI, 5, test 4). 
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warming . If insoluble in water, the following reagents are inves- 
tigated as solvents in tbe order indicated: dilute bydrocMorie 
acid, concentrated liydrocMorio acid, dilute nitric acid, con- 
centrated nitric acid and aqua regia (3 volumes of concentrated 
HCl to 1 volume of concentrated HNO 3 ). Most substances en- 
countered in an elementary course will dissolve in either water 
or dilute hydrochloric acid. If concentrated hydrochloric acid 
has to be used, the solution must be considerably diluted before 
proceeding with the analysis, otherwise certain cations, such as 
cadmium and lead, will not be precipitated by hydrogen 
sulphide. When concentrated nitric acid or aqua regia is 
employed as the solvent, the solution must be evaporated 
almost to dryness, a little hydrochloric acid added, the solution 
evaporated again to small bulk and then diluted with water to 
dissolve the soluble nitrates (or chlorides). This evaporation 
is necessary because the nitric acid may react with the hydrogen 
sulphide subsequently employed in the Group analysis. 

To discover the most suitable solvent, treat portions of about 
15 mg.* of the finely powdered substance successively with 
0‘3-0*5 ml. of (1) water, (2) dilute hydrochloric acid, (3) con- 
centrated hydrochloric acid, (4) dilute nitric acid, (5) concen- 
trated nitric acid and ( 6 ) aqua regia (3 volumes of concentrated 
HCl : 1 volume of concentrated HNO 3 ) in the order given. 
Try the solubihty first in the cold and then at the temperature 
of a boiling water bath for water and dilute hydrochloric acid 
using a semimicro test-tube. For the other solvents, it will be 
necessary to investigate the solubility in a semimicro boiling 
tube; if solution does not take place in the cold, warm gently 
with a semimicro burner. When all the substance has dis- 
solved, transfer to a semimicro test-tube, rinse the boiling tube 
with a few drops of water, and add the ‘‘rinsings’’ to the 
solution. If you are in doubt as to whether the substance or 
a portion of the substance has dissolved, evaporate a little of 
the clear solution on a watch glass. 

If the substance dissolves in water, proceed immediately to 
the test for the metal ions. If the use of dilute hydrochloric 
acid results in the formation of a precipitate, this may consist 
of the metals of Group I; the precipitate may either be filtered 
off and examined for this Group, or else the original substance 
may be dissolved in dilute nitric acid. If concentrated acids 
are employed for dissolution, the remarks in the first paragraph 
must be borne in mind. 

♦ This is most simply estimated by weighing out 75 mg. and dividing it 
into 6 approximately equal parts. 
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Oxides, Hydroxides, Free Metals and Simple Alloys.-— 
If a solid substance is found to contain no anions, it may be an 
oxide, or hydroxide, or a metal or a mixture of metals, or an 
alloy. Metals and alloys have certain characteristic physical 
properties; many metals evolve hydrogen on treatment with 
dilute acids. As a rule, nitric acid must be employed as solvent, 
and it will then be necessary to remove the excess of nitric acid 
(as already described above) before proceeding to the Group 
analysis. 

"V^^en a suitable solvent has been found, prepare the solution 
for analysis using about 50 mg. of the solid: the volume of the 
final solution should be 1-1*5 ml. Use this solution for the 
Separation of Cations into Groups according to Table SM.S 
(Section VI, 9). The various precipitates are investigated by 
means of the appropriate Group Separation Tables SMI- 
SMVII, given in Chapter III. 


Notes on Table SM.S (SiMPLiFiEn Geneeal Table foe 
Sebaeation oe Cations into Geoijps) 

(1) For the sake of uniformity throughout the text, a drop is 
intended to mean 0*05 ml. — ^the volume of the drop delivered by 
the commercial ‘‘medicine dropper.” If the instructions require 
the addition of 0*5 ml., this quantity can be measured out with the 
aid of a small measuring cylinder or graduated pipette, or 10 drops 
can be added directly from a reagent dropper provided, of course, 
that a drop from the latter does not differ appreciably from 0*05 ml. 
It is recommended that all droppers be calibrated (see Table SMI, 
Note J ; Section III, 5) and a small label, stating the number of 
drops per ml., attached to the upper part. 

(2) The student must remember that in all operations with the 
centrifuge, the tube must be counterbalanced with another similar 
tube containing the same volume of water. 

If the substance was completely soluble ha dilute HCl, it is evident 
that no silver or mercurous salt is present. When lead is present, 
the solution may be clear while hot, but PbCl 2 is deposited on cooling 
the solution, due to the slight solubility of this salt in cold water. 
Lead may be found hi Group II, even if it is not precipitated in 
Group L 

(3) It is usually advisable in Group Separations to wash a preci- 
pitate with a small volume of a suitable wash solution and to add 
the washings to the centrifugate. In the present instance cold water 
or cold, very dilute HCl (say, ca. 0*5iV^) may be used. The precipi- 
tating reagent, diluted 10-100-fold, is generally a suitable wash 
liquid. Specific directions for washing precipitates will usually be 
omitted from the present Table in order to economise space. 

16 
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(4) The H2O2 solution is added to oxidise to Su +++■+, thus 
leadmg ultimately to the precipitation of SnS2 instead of the some- 
what gelatinous SnS. The excess of H2O2 should preferably be de- 

; composed by boding before passing H2S, otherwise some S may be 

" precipitated ; the latter may mislead the unwary student if Group II 

I elements are absent. The subsequent separation of Groups IIA 

I and IIB by means of aqueous KOH is thus rendered more complete 

since SnS2 dissolves completely and SnS dissolves only partially in 
aqueous KOH. 

If it is intended to use ammonium polysulphide in the separation 
of Groups IIA and IIB (by an adaptation of Table III, Section 
:i m, 18), the addition of H2O2 is not essential since (NH4)2S* will 

? oxidise the SnS to SnS2 and the latter dissolves as the thiostannate 

(NH4)2SnS3. 

(5) It is important that the concentration of HCl be approxi- 
mately correct, %e. 0*3 Jf, before passing H2S: with higher concen- 
trations of acid, lead, cadmium and stannous tin will be incompletely 
precipitated: if the acidity is too low, sulphides of Group IIIB (MS, 
CoS and ZnS) may be precipitated. Either of two methods may 
be employed to adjust the acid concentration. 

(a) Run in exactly 5-0 ml. of distiUed water from a burette, etc., 
into a clean, dry conical flask of 10 ml. capacity: attach a label to 
the latter so that the upper edge of the label is in line with the level 
of the water. Pour out the water. 

Transfer the centrifugate from Group I to the calibrated 10 ml, 
conical flask with the aid of a few drops of water. Add concentrated 
NHg solution dropwise (use a capillary dropper) with constant 
stirring, until the mixture is alkaline. [Ignore any precipitate 
which may form: this will dissolve when HCl is added or will be 
converted by the H2S treatment into the sulphide.] Then add dilute 
HCl by means of a capillary dropper, with constant stirring, until 
the mixture is jmt acid (test with Htmus paper by removing a drop 
with a micro stirring rod). Now add exactly 0*50 ml. o{ 3N HCl 
(measured from a calibrated dropper or from a 1 ml. graduated 
pipette), and dilute the solution with distilled water to the 5 ml. 
mark. 

(6) A simple procedure is to use the indicator methyl violet (0*1 
per cent aqueous solution or, better, the purchased or prepared 
indicator paper). The following table gives the colour of the in- 
dicator at various concentrations of acid. 

Acid concentratim 
Neutral or alkaline 
O-lNHCl 
0-25N HOI 
0-33NH01 
0-50NHCI 

Add 1 micro drop of methyl violet indicator solution and introduce 
dilute NH3 solution with constant stirring until the colour of the 
solution is yellow-green. A blue-green colour is almost but not 

.TL — -L * • ’ •• - 


pH Methyl violet indicator 
7+ Violet. 

bO Blue. 

0*6 Blue-green. 

0*5 Yellow-green. 

0*3 Yellow. 
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jBnd detection of slight colour changes difficult may, indeed, prefer 
the blue-green colour change. If the indicator paper is available, 
the thoroughly stirred solution should be spotted with a micro 
stirring rod on fresh portions of the paper. It is recommended 
that a comparison solution contammg, say, 2 ml. of O-SiV HCl and 
1 micro drop of indicator be freshly prepared: this will facilitate 
the correct adjustment of the acidity. A more satisfactory standard 
is a buffer solution prepared by mixing 1 ml. of iV sodium acetate 
and 2 ml. of N HCl: this has a pH of 0*5. 

(6) For the passage of HgS into the solution, the ‘‘pressure'' 
method detailed in Section II, 2, 7 (see also Section II, 3, 12) 
should be employed. The solution, contained in a 10 ml. conical flask 
or in a 4 ml. test-tube, is heated (the former directly on a wire gauze, 
the latter in a hot water bath), a capillary delivery tube is inserted 
and H2S passed m, whilst slowly shaking the vessel with a swirling 
motion until precipitation is complete: the latter will be apparent 
when bubbling either stops altogether or is reduced to a very slow 
rate of 1-2 bubbles per minute. Saturation is normally complete 
in 1-2 minutes. The best method of determining whether precipi- 
tation is complete is to centrifuge a portion of the solution and to 
test the centrifugate with HgS. If only a white precipitate or a 
suspension of sulphur is obtained, the presence of an oxidising agent 
is indicated. 

If an oxidising agent is present {e,g, a permanganate, di- 
chromate or a ferric salt) as is shown by the gradual separation of 
a fine white precipitate of sulphur and/or a change in colour of the 
solution, it is usual to pass SO2 into the hot solution until reduction 
is complete, then to boil off the excess of SO2 (conical flask or small 
beaker or crucible; test with K2Cr207 paper), and finally to pass 
H2S. Arsenates, in particular, are slowly precipitated by H2S: 
they are therefore usually reduced by SO2 to arsenites and then 
precipitated as AS2S3 with H2S, after removal of the excess of SO2 
in order to avoid interaction of the latter with H2S and consequent 
separation of S. Stannic compounds may be very slightly reduced 
to the stannous state by this treatment; the amount of reduction is, 
however, so small that it may be neglected. The original solution 
or substance must be tested for the valence state of the arsenic. 

The objection to the use of SO2 is that some sulphuric acid may 
be formed, especially on boiling, and this may partially precipitate 
Pb, Sr and Ba as sulphates. Any precipitate formed in this process 
should therefore be examined for these cations: PbS04 is soluble in 
ammonium acetate solution. 

An alternative procedure to be used when arsenate is present, 
which does not possess the disadvantages associated with SO2 and 
is perhaps more expeditious, is to add 0-2 ml. of concentrated HCl 
and 2 drops of 10 per cent HH4I solution; the arsenate is thereby 
reduced to arsenite and upon saturation of the warm solution with 
H2S under “pressure," the arsenic is completely precipitated as 
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AsgSg. This reduction may be carried out after the sulphides of 
the other elements have been precipitated in the presence of 

mNncv 

( 7 ) The wash liquid is prepared by dissolving 0-1 gram of NH4NO3 
in 2 ml. of water and treating this solution with H2S : about 0-2 ml. 
will suffice for the washing. The H2S must be present in the wash 
liquid to prevent oxidation of the moist sulphides to sulphates. 

(8) If iron was originally present in the ferric state, it will be 
reduced to the ferrous condition by H2S. It must be oxidised to 
the ferric condition with concentrated nitric acid (or with a few 
drops of saturated bromine water) to ensure complete precipitation 
with NH4CI and dilute NH3 solution. The original solution must 
be tested to determine whether the iron is present as Fe++ or as 

The nitric acid will simultaneously oxidise any HI, if NH4I has 
been used to reduce arsenates, etc. 

(9) The washing may be made with a httle hot water or, better, 
2 per cent NH4]ISr03 solution. 

(10) If the centrifugate is brown or dark-coloured, Ni may be 
suspected. The dark-coloured solution contains colloidal NiS, 
which centrifuges with difficulty. It may be acidified with dilute 
acetic acid and boiled (crucible or semimicro boiling tube) until the 
NiS has coagulated: this may be added to the Group IIIB precipi- 
tate or tested separately for Ni. 

(11) The wash liquid may consist of 1 per cent NH4CI solution to 
which 1 per cent by volume of ammonium sulphide solution has 
been added. Oxidation of the moist sulphides to sulphates is thus 
reduced considerably. 

(12) The filtrate must be acidified immediately and concentrated 
to remove H2S. Ammonium sulphide solution upon exposure to air 
slowly oxidises to ammonium sulphate and would then precipitate 
any Ba or Sr present as BaS04 or SrS04. Another reason for 
acidifying the filtrate from Group IIIB is to prevent absorption of 
CO2 from the air with the formation of carbonate ions : the latter 
would also precipitate the ions of Group IV. 

(13) The initial centrifugate from Group IIIB will be almost 
saturated writh ammonium salts and this concentration of ammonium 
ions is higher than is necessary to prevent the precipitation of 
Mg(OH)2 and it may also lead to incomplete precipitation of the 
carbonates of Group IV. The latter efiect is due to the acidic 
properties of the ammonium ion: 

NH4+ + CO f'' ^NHs + HCOg*"; 

the concentration of CO3"” ions upon the addition of (NH4)2C03 
would thus be considerably reduced. For these reasons most of the 
ammonium salts must be eliminated first. 

Concentrated HNO3 decomposes NH4CI at a lower temperature 
than is required for its volatilisation : 

NH4CI + HNOa ^ NH4NO3 + HCl = NaO -f 2 HaO + HCl 
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Loss by decrepitation and spitting during these operations must be 
'avoided.' , • , 

{14) Ammonium carbonate decomposes appreciably above 60 
(mjaCOs >> 2]m3 4- COa + HgO 

The digestion also improves the filtering properties of the precipitate. 

(15) Owing to the slight solubility of CaCOs, SrCOs and BaCOg 
in solutions of ammonium salts, the centrifugate from Group IV 
will, when these metals are present, contain minute amounts of the 
ions of the alkaline earth metals. Since the Group IV metals may 
interfere to a limited extent with the flame tests for ISTa and K and 
also the Na2HP04 test for Mg (if emp oyed), it has been recom- 
mended that the filtrate jBrom Group IV be heated on a water bath 
for 2-3 minutes with half a drop each of (NH4)2S04 solution and 
(NH4)2C204 solution; any precipitate which forms is removed by 
centrifugation and discarded. Owing to the comparatively small 
concentration of ammonium salts, this is generally unnecessary if 
the procedure described in Table SMVII (Section III, 37) is adopted. 

VI, 10. Modification of the analysis in the presence of 
Phosphate, etc. — ^With the experience gained in the foregoing 
comparatively elementary analysis, the student should have no 
serious difficulty in adapting the macro procedures of the more 
advanced analysis described in Chapters VII, VIII and IX to 
the semimicro scale. As an example, we may take the Phos- 
phate Separation Table (compare Table II in Section VII, 7 
and Table P in Section V, 10). This is given in Table SMVIII 
below. 

A brief mention may be made here concerning the removal 
of certain other interfering ions. This should be effected 
before the phosphate separation. 

If borate is found to be present, transfer the centrifugate 
from Group II to a small crucible, heat to expel hydrogen 
sulphide (do not evaporate to dryness), and allow to cool. 
Add 2-3 drops of concentrated hydrochloric acid and 5-6 drops 
of methyl alcohol, and heat on a water bath until the solution 
is almost evaporated to dryness. Repeat the addition of hydro- 
chloric acid and methyl alcohol, and evaporate to dryness on 
the water bath. If borate is the only interfering ion, dissolve 
the residue in 2 ml. of hydrochloric acid, and continue 
the analysis for cations. The borate is volatilised as methyl 
homtelj^oisonous). 

If oxalate or acetate is found to be present, add to the 
residue from which borate has been removed (or, if borate is 
absent, the centrifugate from Group II which has been evapo- 
rated almost to dryness) 1 ml. of concentrated hydrochloric 
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VI, 10. Table SMVIII. — Phosphate Separation Table 


Place the centrifugate from Group II in a semimicro boiling tube (or 
small crucible), boil to expel HgS, add 1-2 drops of concentrated HNOg 
(or 5-10 drops of bromine water) and boil gently for 1 minute. Transfer 
to a 4 ml. test-tube with the aid of 0*5 ml. of water. Add 1 drop of 
NH4Ci solution and 2-3 drops of the zirconium nitrate reagent, warm on 
water bath for 2 minutes and centrifuge. Test for completeness of pre- 
cipitation by adding a further drop of the zirconium nitrate reagent to 
the centrifugate : if a ppt. forms, centrihrge again and repeat the process 
until the addition of 1 drop of the reagent to the clear centrifugate has 
no visible effect. Heat on a boiling water bath, with stirring, for 1 
minute ; centrifuge. Wash with a few drops of hot water. 

Residue. 

Zirconium 

phosphate. 

Reject. 

Centrifugate. Add 50 mg. of solid HH4CI (or 0*25 
ml. of 20% NH4CI solution), heat on a water bath, add 
concentrated NHg solution imtil alkaline and then 2 
drops in excess. Place the tube in the boiling water 
bath for 3-5 minutes. Centrifuge. Wash with a few 
drops of hot water or 2% NH4NO3 solution. 


Residue. Examine for Group IIIA. 
The excess of Zr wiU be found in the 
residue after treatment with HgOg and 
NaOH solution (or with sodium per- 
borate NaB03,4H20 and boiling), and 
will accompany any Fe(OH)3, if Fe is 
present. 

Centrifugate. 
Examine for 
Groups IIIB, 
IV and V. 


acid and 0*5 ml. of concentrated nitric acid. Evaporate slowly 
almost to dryness: use a crucible. Allow to cool, then add 
1 ml. of concentrated hydrochloric acid and 1 ml. of concen- 
trated nitric acid, and evaporate just to dryness. Dissolve the 
residue in 2 ml. of 0*3iV' hydrochloric acid and continue the 
analysis for cations. The evaporation with HCI-HNO 3 mixture 
will destroy the organic acids and simultaneously remove any 
fluoride which may be present. 

VI, 11. ANALYSIS OF A LIQUID (SOLUTION) 

If a liquid is supplied for analysis, proceed as follows: 

( 1 ) Observe the colour, odour and any special physical pro- 
perties. . 

( 2 ) Test its reaction to litmus (or equivalent test) paper. 

(a) The solution is neutral: ixee acids, free bases, acid salts, 
and salts which give an acid or alkaline reaction owing 
to hydrolysis, are absent. 
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[b) The solution reacts alkaline: this may be due to the 
hydroxides of the alkali and alkaline earth metals, to 
the carbonates, sulphides, hypochlorites and peroxides 
of the alkali metals, etc. 

(c) The solution reacts acid : this may be due to free acids, 
acid salts, salts which yield an acid reaction because of 
hydrolysis, or to a solution of salts in acids. 

( 3 ) Evaporate a portion of the liquid to dryness on the water 
bath (use a 5 or 8 ml, crucible and stand it over one of the 
openings in the hot water rack) ; carefully smell the vapours 
evolved from time to time. If a solid residue remains, examine 
it as detailed above for a solid substance. If a liquid remains, 
evaporate cautiously on a wire gauze in the fume chamber; 
a solid residue should then be examined in the usual way. 
If no residue is obtained, the original liquid consists of some 
volatile substances which may be water or water containing 
certain gases or volatile substances, such as CO2, NH3, SO2, 
H2S, HO, HBr, HI, H2O2 or (]SrH4)2C03, all of which can be 
readily detected by special tests. It is best to neutralise with 
sodium carbonate and test for acid radicals (anions). 



CHAPTER VII 


SYSTEMATIC QUALITATIVE INORGANIC 
ANALYSIS 

In the scheme of analysis to be described in the following 
pages, it is assumed that the student is already familiar with 
the tests and operations described in the preceding chapters. 
It will be shown how these isolated facts are incorporated in 
the systematic methods of qualitative analysis, applicable not 
only to simple solid substances, but also to mixtures of solid 
substances, to liquids, to alloys, and to insoluble” sub- 
stances, substances which are insoluble in aqua regia and 
acid solvents. 

It must be emphasised that the object of qualitative analysis 
is not simply to detect the constituents of a given mixture ; an 
equally important aim is to ascertain the approximate relative 
amounts of each component. For this purpose 0-5-1 gram of 
the substance is usually employed for the analysis ; the relative 
magnitudes of the various precipitates will provide a rough 
guide as to the proportions of the constituents present. 

Every analysis is divided into three parts : 

(1) The preliminary examination. This includes preliminary 
examination by dry tests, examination of the volatile products 
with sodium hydroxide solution (for ammonium), and writh 
dilute and concentrated sulphuric acid (for acid radicals or 
anions). 

(2) The examination for metal ions [cations) in solution. 

(3) The examination for acid radicals [or anions) in solution. 

The substance to be analysed may be: [A) solid and non- 
metallic, (B) a liquid [solution), (C) a metal or an alloy, and 
(D) an 'Hnsoluble^^ substance. Each of these will be discussed 
separately. 

VII, 1 . ANALYSIS OF SOLID AND NON-METALLIC 
SUBSTANCES 

The appearance of the substance should be carefully noted ; 
a lens or microscope should be used, if necessary. Observe 
whether it is crystalline or amorphous, whether it is magnetic 
and whether it possesses any characteristic odour or colour. 

, 4=89 
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Some of tlie commonly occnrring coloured compounds are 
listed below: 

Pb 304 , AsgSg, HgO, Hgis, HgS, Sb2S3, GrOg, CugO, 
K3[Fe(CN)g]; dichromates are orange-red; permanganates and 
chrome alnm are reddish-purple. 

Pink: hydrated salts of manganese and of cobalt. 

Yellow: Cd 8 , AS2S3, SnS2, Pbl2, HgO (precipitated), 
K4[Fe(CN)e],3H20; normal chromates; ferric chloride and 
nitrate. 

Green: Gt 20 ^, TAgA2, Cr(OH)3; ferrous salts, e.g. FeS04,7H20, 
FeS04,(NH4)2S04,6H20, FeCl2,4H20; nickel salts; GrCl3,6H20, 
GuGl2,2H20, GuGOs, K 2 Mn 04 . 

Blue: anhydrous cobalt salts; hydrated cupric salts; Prus- 
sian blue. 

Brown: Pb02, Gd0,Fe304, Ag3As04, SnS, Fe203 andPe(OH)3 
(reddish-brown). 

Black: PbS, CuS, GuO, HgS, FeS, Mn02, G03O4, GoS, MS, 
NisOa, Ag2S, G. 

The colour of the solution obtained when the substance is 
dissolved in water or in dilute acids should be noted, as this 
may often give valuable information. The following colours 
are shown by the ions (the cations are usually hydrated) 
present in the dilute solution: 

Blue: cupric copper; green: nickel, ferrous iron, chromic 
chromium, manganates; ydlow: chromates, ferrocyanides, 
ferric iron; orange-red: dichromates; purple: permanganates; 
pink: cobalt, manganese. 

The substance should be reduced to a fine powder in a suitable 
mortar before proceeding with the following tests. These tests 
usually give a great deal of useful information; they are quickly 
performed ( 10-15 minutes) and should never be omitted. 

VII, 2 . PRELIMINARY DRY TESTS 

The following tests are made : 

(i) action of heat; (ii) flame colorations; (iii) charcoal block 
reductions; (iv) borax and phosphate bead reactions; (v) ammo- 
nium radical test 

Test (i). Heating in a closed tube. — Place a small quantity 
( 4-5 mg.) of the substance in a dry ignition tube so that none 
of it remains adhering to the sides, and heat cautiously; the 
tube should be held in an almost horizontal position. The 

* This is really a wet test, but is iiicltided here for the sake of oonvenience. 
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temperattire is gradually raised, and any changes which take 
place carefully noted. 
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[VII 


Observation Inference 

4. Dark-brown or reddish fumes (oxides Nitrates or nitrites of heavy 

of nitrogen) ; acidic in reaction. metals. 

5. Carbon dioxide is evolved (lime water Carbonates, bicarbonates, 

rendered turbid). oxalates and organic com- 

pounds. 

6. Carbon monoxide is evolved (burns Oxalates, 
with a blue flame forming carbon 
dxQ-siidQ) ; poisonous gas. 

7. Cyanogen is evolved (burns with Cyanides of heavy metals, 

violet flame and characteristic odour) ; c .g . of H g and A g ; 

very poisonous gas. Kg[Fe(CN)0]. 

8. Acetone is evolved (burns with Acetates, 
luminous flame). 

9. Ammonia is evolved (odour; turns red Ammonium salts; certain 
litmus paper blue; turns mercurous complex ammines. 

nitrate paper black). 

10. Phosphine is evolved (odour of rotten Phosphites and hypophos- 
fish; inflammable); ^?OMonow«. phites. 

11. Sulphur dioxide is evolved (odour of Normal and acid sulphites; 
burning siilphxir; turns potassium di- thiosxdphates ; certain sul- 
chromate paper green; decolourises phates. 

fuchsin solution). 

12. Hydrogen sulphide is evolved (odour Acid sulphides; hydrated 
of rotten eggs; turns lead acetate sulphides. 

paper black or cadmium acetate paper 
yellow). 

13. Chlorine is evolved (yellowish-green Unstable chlorides, e.p. of Cu, 
gas; bleaches litmus paper; turns Au and Pt; chlorides in pre- 
potassium iodide-starch paper blue) ; sence of oxidising agents. 
very poisonous. 

14* Bromine is evolved (reddish-brown Sources similar to chlorine, 
vapour; choking odour; turns fluo- 
rescein paper red). 

15. Iodine is evolved (violet vapours Free iodine and certain 
condensing to black crystals). iodides. 


Test (ii). Flame colorations. — ^Place a small quantity (3-4 
mg.) of the substance on a watch glass, moisten with a little 
concentrated hydrochloric acid, and introduce a little of the 


Observation 

Inference 

Persistent golden-yellOw flame. 

Violet (lilac) flame. 

Carmine-red flame. 

Brick-red (yellowish-red) flame. 

Crimson flame. 

Yellowish-green flame. 

Green flame. 

Livid blue flame (wire slowly corroded). 

Sodium. 

Potassium. 

Lithium. 

Calcium. 

Strontium. 

Barium [molybdenum]. 
Borates, copper [thallium]. 
Lead, arsenic, antimony, bis- 
muth, copper. 
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substance on a clean platinum wire into the base of the non- 
luminous Bunsen flame. An alternative method is to dip the 
platinum wire into concentrated hydrochloric acid contained 
in a watch glass and then into the substance ; sufficient will 
adhere to the platinum wire for the test to be carried out. 

The sodium flame masks that of other elements, e.gr. that of 
potassium. Mixtures can be readily detected with the direct 
vision spectroscope (see Fig. II, 1, 4). A less delicate method 
is to view the flame through two thicknesses of cobalt blue 
glass, whereby the yellow colour due to sodium is masked or 
absorbed, and the other colours are modified as follows. 


Flame coloration 

Flame coloration 
through cobalt glass 

Inference 

Golden-yellow. 

Violet. 

Brick-red. 

Crimson. 

Yellowish-green. 

Ml. 

Crimson. 

Light green. 1 

Purple, 

Bluish-green. 

I 

Sodium. 

Potassium. 

Calcium. 

Strontium. 

Barium. 


Test (iii). Charcoal block reductions. 

(a) Heat a little of the substance (3-4 mg.) in a small cavity 
scooped in a charcoal block in a blowpipe flame. 


Observation 

Inference 

1, The substance decrepitates. 

2. The substance deflagrates. 

3. The substance fuses and is absorbed 
by the charcoal, or forms a liquid 
bead. 

4, The substance is infusible and incan- 
descent, or forms an incrustation upon 
the charcoal. 

Crystalline salts, e.g, NaCl, 
KCl. 

Mtrates, nitrites, chlorates, 
perchlorates, iodates, per- 
manganates. 

Saits of the alkalis and some 
salts of the allialine earths. 

Apply test (6) below. 


(6) Mix the substance (3-4 mg.) with twice its bulk of an- 
hydrous sodium carbonate, place the mixture in a cavity of a 
piece of charcoal and heat in the reducing flame of the blow- 

The sodimn carbonate converts a metaUic salt into a carbonate or oxide on 
heating, and thus reduction occurs more rapidly than with the charcoal 
alone, as in the sodium carbonate acts as a flux and, in the 

fused state, protects any metallic globules, which may have formed beneath 
it, from oxidation. 








494 Qualitative Inorganic Analysis [VII, 


Observation 

Inference 

1 , White, infusible and incaaidescent 

BaO, SrO, CaO, MgO (residue 

when hot. 

alkaline to litmus paper). 
AlgOs, ZnO, SiOg (residue not 
alkaline to litmus paper). 

2. Incrustation without metal: 

White, yellow when hot. 

ZnO. 

White, garlic odour. 

AS 2 O 3 . 

Brown. 

CdO. 

3. Incrustation with metal: 


White incrustation; brittle metal. 

Sb. 

Yellow incrustation ; brittle metal. 

Bi. 

Yellow incrustation; malleable 

Pb. 

metal, marks paper. 


4. Metal without incrustation: 


Grey metallic particles, attracted by 

Fe, Ni, Co. 

magnet. 

Malleable beads. 

Ag and Sn (white), Cu (red 


flakes) [Au]. 


Sulphur compounds are reduced to sulphide by this treatment ; the residue 
may be moistened with water and placed in contact with a silver coin when 
a brown to black stain of silver sulphide is obtained {Hepar remtion), or it 
may be extracted with a little water and filtered into a freshly prepared 
sodium nitroprusside solution, when an unstable purple coloration will 
indicate the presence of sulphur (see Section IV, 6, reaction 5). 


(c) Moisten the substance or the infusible residue of test (6) 
with one to two drops of cobalt nitrate solution and ignite 
strongly. 


Ohs&rvatwn 

Inference 

1. Blue residue. 

AlgOg, phosphates, arsenates, 

i 

silicates, borates. 

2 . Green residue. 

ZnO. 

3. Pink residue. 

MgO. 


Test (iv). Borax bead reactions. — ^Prepare a borax bead 
in a loop of platinum wire by dipping the hot wire into borax 
and heating until colourless and transparent. Bring a minute 
quantity of the substance into contact with the hot bead and 
heat in the outer or oxidising flame. Observe the colour when 
the bead is hot and also when it is cold. Heat the bead in the 
inner or reducing flame and observe the colours in the hot and 
cold states. Coloured beads are obtained with compounds of 
copper, iron, chromium, , manganese, cobalt and nickel (see, 
however, Section IX, 19, Table VI). 
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Oxidising flame 

Reditcing flame 

Metal 

1, Green when hot; blue 
when cold. 

Colourless when hot, 
opaque-red when cold. 

Copper. 

2. Yellowish-brown or red 
when hot; yellow when 
cold. 

Green, hot and cold. 

Iron. 

3. Dark yellow when hot, 1 
green when cold. 

Green, hot and cold. 

Chromium, 

4. Violet (amethyst), hot 
and cold. 

Colourless, hot and cold. 

Manganese. 

5. Blue, hot and cold. 

Blue, hot and cold. 

Cobalt. 

6. Reddish-brown when 
cold. 

Grey or black and opaque 
when cold. | 

Nickel. 


The presence of manganese and of chrominm is confirmed 
by fusing the substance with sodium carbonate and potassium 
nitrate on platinum foil or broken porcelain. A green mass on 
cooling indicates a yellow mass, chromium. The 

sodium carbonate bead test (Section II, 1, 7) may also be em- 
ployed. 

A useful reaction which may be carried out at this stage is 
the microcosmic bead test (Section II, 1, 6). This test is 
carried out in a loop of platinum wire exactly as for the borax 
bead test. The presence of a white skeleton (of silica) in the 
coloured glass indicates silicate. Stannic oxide SnO 2 dissolves 
slowly in the bead and may be mistaken for silica. 

Test (v). Test for the ammonium radical. — Boil a little 
(ca. OT gram) of the substance with sodium hydroxide solution. 
The evolution of ammonia, detected by its odour and its action 
upon red litmus paper and upon filter paper soaked in mer- 
curous nitrate solution,* indicates the presence of an ammonium 
salt. 

Note. Great care must be exercised when heating mixtures containing 
solutions of alJcali hydroxides because of their destructive effects upon 
the eyes. These mixtures tend to bump and should preferably be heated 
in the fume cupboard. Under no circumstances should one attempt to 
smeU the vapour whilst heating the mixture. 

The following experimental details in testing for ammonia 
are of value for other gases (with suitable modification of re- 
agents). In order to avoid holding the test paper (litmus, etc.) 
in the vapour, the apparatus shown in Fig. FlI, 2, 1 may be 
employed; the test paper is supported on the upper end of the 

* Drop-reaction paper, treated with tamie acid and silver nitrate solution 
(see Section III, 36, reaction 7), may also benaed. 
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wide glass tube. If ammoma is present, the litmus paper 
should show a gradual development of colour from the bottom 
upwards and should eventually become 
blue; scattered blue spots indicate that droplets 
of the alkaline solution have come into contact 
with the paper. The spray may be trapped, if 
desired, by a loosely fitting plug of cotton wool 
inserted in the upper part of the test-tube. 

If the evolved gas is soluble in water and a 
solution is required for further testing, the ap- 
paratus shown in Fig. IV, 2, I (with the delivery 
tube of fairly wide tubing and about twice the 
length of the test-tube or distilling flask in order 
to avoid the danger of sucking back’’) may be 
employed. In the present case the ammonia may 
be absorbed in 3-4 ml. of distilled water. Upon 
adding Nessler’s reagent (Section III, 36, 2 — ^the 
second method of preparation is recommended), 
an orange or hvown precipitate confirms ammonia. 
This test is an extremely sensitive one and in 
Fig. VII, 2, 1 order to establish the presence of ammonia 
evolved in the reaction a precipitate and not a 
coloration must be obtained. 


VII, 3. PRELIMINARY TESTS FOR ACID RADICALS 

(ANIONS) 

The action of dilute sulphuric acid (or of dilute hydrochloric 
acid) and of concentrated sulphuric acid upon the substance, 
combined with inferences drawn from the preliminary dry tests, 
supply much information which may be useful in the sub- 
sequent tests, notably for cations. Thus the presence of 
silicate, borate, fluoride, citrate, tartrate and possibly oxalate 
will have been indicated— phosphates are detected in the group 
separation after Group II; the course of systematic analysis 
for the metal ions can then be appropriately modified {see 
Table I (Section VII, 6), and discussion in Chapter VIII}. 
The indications of the preliminary tests must, of course, be 
confirmed. The systematic examination for acid radicals 
(anions) is usually carried out after that of the cations. 

Before describing these preliminary tests, a summary of the 
solubilities of the salts of the more common acids in water may 
be found useful in the subsequent deductions. 
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Nitrates, chlorates, acetates, manganates and jpermanganatea 
are all soluble; exceptions are a few basic nitrates {e.g. Bi and 
Sb) and basic acetates {e.g. Fe) ; silver and mercurous acetates 
are sparingly soluble. 

Nitrites are all soluble; silver nitrite is sparingly soluble. 

Chlorides are generally soluble; exceptions are AgCl, Hg2Cl2, 
TlCl, GuCl, SbOCl, BiOCI, which are insoluble; PbCl2 is 
sparingly soluble. 

Bromides have similar solubilities to the chlorides. 

Iodides are generally soluble; exceptions are Agl, Hg2l2, 
Hgl2, Cul, BiOI, SbOI, which are insoluble; Pbl2, Bils and 
Snl2 are slightly soluble. 

Carbonates are generally insoluble; those of Na, K and NH4 
are soluble. The bicarbonates of the alkali metals and of Ca, 
Sr, Ba, Mg, Fe and Mn are also soluble ; those, other than the 
alkali metals, exist only in solution. 

Sulphides are generally insoluble; those of Ba, Sr and Ca are 
slightly soluble ; those of Na, K and NH4 are readily soluble. 

Sulphites are generally insoluble ; exceptions are those of the 
alkali metals, and the bisulphites of the alkaline earth group. 

Sulphates are generally soluble; those of Pb, Hg (ous), Sr 
and Ba are insoluble ; those of Ag, Hg (ic), Ca and a few basic 
sulphates {e.g. Bi and Hg) are slightly soluble. 

Phosphates, arsenates and arsenites are generally insoluble; 
those of Na, K and NH4 are soluble. 

Fluorides are generally insoluble; those of Na, K, NH4, Ag 
and Hg (ous) are soluble. 

Borates, with the exception of those of the alkali metals, are 
insoluble. 

Silicates possess solubilities similar to those of the borates. 

Chromates are generally insoluble or sparingly soluble ; 
exceptions are those of the alkali metals and Ca, Sr, Mg, Mn, 
Zn, Fe and Cu. 

Thiocyanates of Hg (ic), Cu (ic), Fe, Ca, Sr, Ba, Mg, Na, K 
and NH4 are soluble. 

Thiosulphates are generally soluble ; the Ag and Ba salts are 
sparingly soluble. 

Oxalates, formates, tartrates md citrate generally in- 
soluble; those of Na, K and NH4 are soluble. 

Test (vi). Action of dilute sulphuric acid.— Treat 0-1 
gram of the substance in a small test-tube with 2 ml. of 2 N 
sulphuric acid, and note whether any reaction takes place in 
the cold (indicated by C). Warm gently and observe the effect 
produced. 
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Observation 


Inference 


1. Coloisrless gas is evolved with effeirvescence ; 
gas is odourless and produces turbidity when 
passed into lime water.* (G) 

2. Nitrous fumes evolved; recognised by 
reddish-brown colour, and turning starch- 
potassium iodide paper bluish-black. (0) 

3. Yellowish-green gas evolved; suffocating 
odour, reddens and then bleaches litmus 
paper; turns starch-KI paper blue; very 
poisonous, (0) 

4. Odour of acetylene; burns with luminous, 
smoky fiame. (0) 

5. Colourless gas is evolved with suffocating 
odom*; turns filter paper moistened with 
acidified potassium dichromate solution 
green; decolourises fuchsin solution. 

6. Colourless gas is evolved; gives above tests 
for SO 2; sulphur is deposited in the solution. 

7. Colourless gas is evolved; odour of rotten 
eggs; blackens filter paper moistened with 
lead acetate solution ; cadmium acetate paper 
turned yellow. 

8. Colourless gas is evolved; gives above tests 
for HjS; sulphur is deposited. 

9. Odour of vinegar. 

10. Colourless gas is evolved; odour of bitter 
almondsj; highly poisonom, 

11. Colourless gas is evolved; rekindles glowing 
splint. 

12. Colourless gas is evolved; pungent odour, 
reminiscent of SO 2; produces turbidity when 
passed into lime water. 

13. Upon boiling, yellow solution formed and 
SO2 (fuchsia solution decolourised, etc.) 
evolved. 


CO a from carbonate or 
bicarbonate. 

NO 2 from nitrite, 

CI2 from hypochlorite. 

C2H2 from carbide, 

SO 2 from sulphite. 


SO 2 and S from thio-^ 
sulphate. 

HgS from sulphide,^ 


HaS and S from poly^ 
sulphide. 

H . CgHgOa from acetate. 

HCN from cyanide or 
from soluble/em- and 
ferro-cyanides, 

O2 from peroxides and 
per-salts of alkali and 
alkaline earth metals. 

CO 2 and a little HCNO 
ivom cyanate. 

SO2, etc., from tlm- 
eyanate. 


Test (vii). Action of concentrated snlphnric acid.— 
Treat a small quantity (say, OT gram) of the substance with 
1-2 ml. of concentrated sulphuric acid, and warm the mixture 
gently; incline the mouth of the test-tube away from the 

* Magnesite, dolomite and a few other native carbonates give little or no 
CO 2 in the cold; CO 2 is readily evolved upon warming. 

t Many sulphides, especially native ones, are not affected by dilute H2SO4; 
some HgS is evolved upon warming with concentrated HCl alone or with a 
little tin. 

t If cyanide is suspected, gently warm (water bath) 5 mg. of the mixture 
in a small test-tube {e.g. 75 x 10 mm.) with 5-10 drops of 2N H2SO4; place 
a filter paper moistened at the centre with 1 drop of NaOH solution over the 
mouth of the tube. After 2 minutes, treat the drop on the paper with 1 drop 
of FeS04 solution, warm and add a drop or two of 6N HCl. A blue colour 
indicates the presence of a cyanide. For another test, see Section IV, 8, 
reaction 1. Mercuric cyanide is attacked slowly. 
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observer. (If cHorates or permanganates are suspected from 
the preliminary charcoal reduction tests to be present, very 
small quantities must be used (about 0*02 gram) as a dangerous 
explosion may occur on warming.) 

If the substance reacted with dilute sulphuric acid, the 
addition of the concentrated acid may result in vigorous re- 
action and rapid evolution of gas, which may be accompanied 
by a very fine spray of the acid. In such a case, it is best to 
add dilute sulphuric acid dropwise to another portion of the 
substance until action ceases, and then to add 2-3 ml. of 
concentrated sulphuric acid. 

The following results may be obtained. 


Observation Inference 

1. Colourless gas evolved with pungent odour HCl from chloride. 
and which fiames in the air; white fumes of 
NH4CI in contact with glass rod moistened 
with concentrated NHg solution ; CI2 evolved 
on addition of precipitated MnOg (bleaches 
litmus paper; turns Kl-starch paper blue). 

2 . Gas evolved with pungent odour, reddish HBr and Brg from 
colour, and fumes in moist air; on addition bromide, 

of precipitated Mn02, increased amount of 
red fumes with odour of bromine (fumes 
colour moist starch paper orange-red or fluo- 
rescein paper red). 

3. Violet vapours evolved, accompanied by HI and Ig from 
pungent acid fumes, and often SO 2 and even 

H2S. 

4 . Reddish-brown fumes evolved (similar in CrOgClg from chloride 
colour to bromine); on passing into water, in presence of 
obtain chromic and hydrochloric acids, both chromate, 

readily identifled (yellow ppt. of RbCr04 
with excess of NH3 solution, lead acetate 
solution and acetic acid; or by “perchromic 
acid” test). 

5 . Pungent acid fumes evolved, often coloured HNO3 and NOg from 
brown by NO2J colour deepens upon addi- nitrate, 

tion of copper turnings (if nitrites absent), 

0* Yellow gas evolved in the cold with charao- CIO 2 from chlorate. 
teristic odour ; explosion or crackling noise 
on warming (DANGER). 

7 . Yellowish-green gas evolved; irritating OI2 from chloride in 

odour; bleaches litmus paper; turns KI- presence of oxidising 
starch paper blue; very poisomm. agents. 

8. “Oily” appearance of tube in cold; on HF from fluoride or 
warming, pungent gas evolved which cor- silicofimride, 

rodes the glass ; if moistened glass rod intro- 
duced into the vapour, gelatinous ppt. of 
silicic acid is deposited upon it. 


[Continued overleaf 
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Observation 

Inference 

9. Purple fumes evolved with explosion 

Mn 207 from perman 

(GREAT BANGER). 

ganate. 

10, Colourless gas evolved; bums with blue 

CO from formate, oxa~ 

flame; no charring. 

late, cyanide, ferri- 

11. Colourless gas evolved; renders lime water 

cyanide or ferro- 
cyanide.* 

CO and CO 2 from 

turbid and also bums with a blue flame ; no 

oxalate. 

blackening. 

CO, CO 2 and SO 2 from 

12. Colourless gas evolved; bums with a blue 

flam© and/or renders lime water turbid; as 

(a) tartrate, 

heating is continued, SOg is evolved and 

(6) citrate. 

residue in tube 

(а) chars rapidly (odour of burnt sugar), 

( б ) chars slowly, accompanied by irritant 


vaijpuuurs* 

13. Irritating fumes evolved. 

Benzoate. 

14. Pungent odour of vinegar. 

H . C 2 H 3 O 2 from acetate. 

15. Dark-crimson coloration of acid. 

Qallate. 

16. Brownish-purple coloration of acid. 

Tannate. 

17. Colourless gas evolved; rekindles glowing 

O 2 from peroxides. 

splint. 

some per-salts or 

18. Colourless gas evolved, bums with blue 

chromate. 

CO and anhydrous 

flame, deep blue solution produced. 

C 0 SO 4 from cohalti- 

19. Yellow coloration in cold: upon warming, 
vigorous reaction, COS (burns with blue 

cyani^.^ 

COS, SO 2 and S from 

thiocyanate. 

flame), SO 2 (decolourises fuchsin solution, 
etc.) and free S produced. 


20. Red fumes of Brg (turn fluorescein paper 

Brg and Og from 

red) and also O 2 evolved. 

hromate. 


* If ferro- and/or ferri-cyanides are present, they must b© destroyed 
before proceeding with the analysis for cations because they would yield 
precipitates when the solution is acidified and boiled, and would also introduce 
other disturbing effects. This may be effected by heating about 1 gram of 
the mixture with 3-4 ml. of concentrated sulphuric acid in a porcelain crucible 
placed in an inclined position over the flame and directing the flame against 
the upper part of the crucible. The heating is continued until fumes of s\3phur 
trioxide cease to be evolved. The residue is then treated with a little con- 
centrated sulphuric acid, warmed gently and water added portionwise. The 
whole is then boiled for about 5 minutes, and filtered when cold. The filtrate 
may be analysed for all metals except lead, strontium and barium which, if 
present, will be found in the residue. 

Alternatively, the complex cyanides may be eliminated from the mixture 
by fusing with an equal weight of sodium or potassium carbonate in a porcelain 
crucible. Soluble cyanates and cyanides are formed, which may be extracted 
with water j the residual metallic iron may be dissolved in dilute hydrochloric 
acid. 

K 4 [Fe(CN)e] -f KjCOj « 5KCN + KCNO + CO^ + Fe 

t Rarely encountered in routine qualitative analysis; a characteristic test 
is the white precipitate, insoluble in nitric acid, produced with ferrous 
sulphate solution (see under CJobalt, Section III, 24, reaction 4). 




3] Systematic QmliUitive Inorganic Analysis 501 

Test (viii). Test for nitrate (or nitrite).— If ammonium 
lias been found {test (v)}, boiling is continued until ammonia 
can no longer be detected by its action upon mercurous nitrate 
paper or upon red litmus paper. Add a little (say, 0*1 gram) 
aluminium powder or zinc dust or finely powdered Devarda’ s 
alloy to the cooled solution and warm the mixture gently. 
Remove the flame as soon as evolution of hydrogen commences 
(with aluminium powder the reaction may become vigorous; 
cooling with tap water may be necessary to moderate the vigour 
of the reaction). 

If ammonia is evolved, as detected by its odour, its action 
upon litmus paper and upon filter paper soaked in mercurous 
nitrate solution,* then the presence of a nitrate or nitrite is 
indicated (compare Section IV, 18, reaction 4). The presence 
of a nitrite will generally also be detected in the reaction with 
dilute sulphuric acid {see test (vi)}; if nitrite be absent, then 
the presence of nitrate alone is indicated. 

Cyanides^ thiocyanates, ferro- and ferri-cyanides also yield ammmia 
under these experimental conditions. The reaction is somewhat 
slower for these anions ; up to 5 minutes may elapse before ammonia 
can be detected from ferro- and ferri-cyanides. If these are present, 
or are suspected as a result of the preliminary tests, particularly 
that with concentrated sulphuric acid, they must first be removed 
as follows. Treat the “Na 2 C 03 prepared solution’’ with excess of 
nitrate-free silver sulphate, warm the mixture to about 60°, shake 
vigorously for 3-4 minutes, and filter from the silver salts of the 
interfering anions and excess of precipitant. Remove the excess 
of silver ions from the filtrate by adding an excess of sodium hydrox- 
ide solution and filter ofl the precipitated silver oxide. Evaporate 
the filtrate to about half bulk and test with zinc, aluminium or 
Devarda’s alloy. If cyanides alone are present, they may be 
rendered innocuous by the addition of a fittle mercuric chloride 
solution. 

Test (ix). Borate test.^ — ^Make a paste of the original sub- 
stance with calcium fluoride and concentrated sulphuric acid. 
Hold some of this in a platinum loop just outside the base of 
the Bunsen flame. A green flame, due to boron trifluoride, 
indicates borates. Barium and copper do not interfere when 
the test is carried out in the above manner. 

* It must be emphasised that the mercurous nitrate paper test for ammonia 
is not applicable in the presence of arsenite. Arsenite is reduced by alkaline 
reducing agents to arsine, which blackens mercurous nitrate paper. The 
tannic acid-silver nitrate test (Section III, 36, reaction ?') may also be used: 
this test is likewise not applicable in the presence of arsenite. 
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following test (which is strongly recom- 
mended) inay be employed. Fit np the apparatus shown in 
Fig. FIJ, 3, 1, using rubber stoppers; the end of the right- 
angled bend should be drawn out into a capillary of not more 
than 0*5 mm. bore and 3-4 cm. long. The empty test-tube 

acts as a trap between the mouth 
and the test-tube containing the 
solution under test to prevent the 
solution from reaching the mouth 
should the capillary become blocked. 

Place about 0*1 gram of the sub- 
stance in the test-tube, add 1-2 mh 
of concentrated sulphuric acid with 
the aid of a dropper or small pipette, 
followed by 5-6 ml. of methyl alcohol 
in 1 ml. portions (caution!). Intro- 
duce the modified “wash-bottle” 
tubes and connect by a short length 
Fig. FJl, 3, 1 of rubber tubing to the trap. Blow 
gently through the liquid and direct 
the vapours issuing from the capillary into a colourless Bunsen 
flame. If a borate is present, the flame will acquire a character- 
istic green colour due to the volatile methyl borate B(OCH 3 )g. 
Under these experimental conditions copper and barium, which 
colour the flame green, do not interfere.* 


EXAMINATION FOR METAL IONS (CATIONS) IN 
SOLUTION 

VII, 4. PREPARATION OF A SOLUTION OF THE 

SOLID 

Use small quantities (5-10 mg.) of the powdered solid and 
examine the solubility in the foUowmg solvents in the order 
given; (1) water, (2) dilute hydrochloric acid, (3) concentrated 
hydrochloric acid, (4) dilute nitric acid, (5) concentrated nitric 
acid and (6) aqua regia. Try the solubility first in the cold 
and then on warming; if in doubt whether the substance or a 
portion of the substance has dissolved, evaporate a little of the 
clear solution on a watch glass. If the substance dissolves in 
water, proceed immediately to test for the metal ions. If the 

* This procedure is simpler than that of Sectiou lY, 45, 1^; the latter, 
however, is fool-proof and perfectly unambiguous. 
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use of (Mlute hydrochloric acid results in the formation of a 
precipitate, this may consist of the metals of Group I; the 
precipitate may either be filtered off and examined for this 
group, or else the original substance may be dissolved in dilute 
nitric acid. If concentrated hydrochloric acid is employed for 
solution, it will be necessary to evaporate off most of the acid 
since certain metals of Group II {e,g, cadmium and lead) are 
not completely precipitated in the presence of large concentra- 
tions of acid. Where nitric acid has been used for the process 
of solution, all of the acid must be removed by evaporating 
nearly to dryness, adding a little hydrochloric acid, evaporating 
again to a small bulk and then diluting with water; these 
remarks also apply to aqua regia. For this reason nitric acid 
is often omitted from the solvents, and the tests confined to 
solvents 1, 2, 3 and 6. 

When a suitable solvent has been found, the solution for 
analysis is prepared with 0-5--1 gram of the solid; the volume 
of the final solution should be 15-20 ml. 

If the substance is insoluble in aqua regia (and in concentrated 
acids), it is regarded as insoluble and is treated by the special 
methods detailed in Section VII, 21 below. 

VII, 5. GENERAL SCHEME FOR THE SEPARATION 
OF THE CATIONS INTO GROUPS 

Before describing the general scheme (for a simplified general 
scheme, see Section V, 8) for the separation of the metal ions 
into groups, the following facts are brought to the notice of the 
student as it is believed that by their proper understanding and 
appreciation, many of the usual pitfalls will be avoided. 

(1) The analysis should not be conducted with large quan- 
tities of the substance because much time will be spent in 
filtering the precipitates and difficulty will be experienced in 
washing and dissolving them. It is therefore recommended 
that 0*5-1 gram should be employed for the analysis. After 
a little experience the student will be able to judge from the 
relative sizes of the precipitates, the relative quantities of the 
various components present in the mixture. 

(2) The tests must, in the first place, be carried out in the 
order given. A group reagent will separate its particular group 
only from those which follow it and not from those which 
precede it. Thus hydrogen sulphide m the presence of O-BiV 
hydrochloric acid will separate Group II from Groups IIIA, 
IIIB, IV and V, but does not separate Group II from Group I. 
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It is most important therefore that one group should be com- 
pletely precipitated before precipitation of the next group is 
attempted, otherwise the group precipitates will be con- 
taminated by metals from the preceding groups, and misleading 
results will be obtained. 

(3) The conditions for precipitation and for solution must 
be rigidly followed. 

(4) All precipitates must be washed to remove adhering 
solution in order to avoid contamination by the metals remain- 
ing in the filtrate. The first washings should be added to the 
solution from which the precipitate has been filtered; later 
washings may be discarded. 

(5) If the volume of the solution at any stage of the analysis 
becomes too large, it should be reduced by evaporation. 

(6) All the apparatus employed in the analysis must be 
scrupulously clean. The use of dirty apparatus may be 
sufficient to introduce impurities into the substance under 
examination. 

Notes on Table I (Genbbal Table foe Sepabation 
OF Cations into Geoxjps) 

(1) If the original substance was completely soluble in dilute HCl, 
it is evident that no silver or mercurous salt is present. When lead 
is present, the solution may be clear whilst hot, but PbClg is de- 
posited on cooling the solution. Any lead missed in this group will 
be precipitated with HgS in Group 11. 

A precipitate may form upon the addition of HCl to certain 
neutral or slightly acid solutions even when none of the Group I 
metals are present. This may occur under the following conditions: 

(а) Aqueous solutions of Sb, Bi and Sn, not containing free HCl, 
precipitate as the oxychlorides upon the addition of this acid. The 
precipitate dissolves, however, upon the addition of excess of acid. 

(б) Concentrated solutions of certain chlorides, e.g. NaCl and 
BaCl 2 , may form precipitates upon the addition of HCl; these dis- 
solve on diluting with water. 

(c) Borates may yield a white crystalline precipitate of boric acid, 
particularly if the acid is concentrated; only partial precipitation 
may occur here. 

(d) Silicates may yield a gelatinous precipitate of silicic acid; only 
partial precipitation may occur here. 

(e) The tluo-salts of arsenic, antimony and tin will give the cor- 
responding sulphides. 

(2) The H 2 O 2 solution is added to oxidise Sn++ to Sn++++, thus 
leading ultimately to the precipitation of SnS 2 in place of the some- 
what gelatinous SnS. The excess of H 2 O 2 should preferably be de- 
composed by boiling before passing HgS, otherwise some S may be 
precipitated. The subsequent separation of Groups HA and IIB by 
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means of aqueous KOH is thus rendered more complete since SnS, 
dissoives entirely and SnS dissolves only partially in KOH ^ 
^E it is intended to use polysulphide in the separkon 

^ f! of H2O2 is not essential since 

(^4)28* yll ^dise SnS to SnS2 and the latter dissolves as the 

tmostaimate (NH4)2SnS3. 

( 3 )^ It is important that the concentration of HCl be annroTi 
mately correct, f-e- OSF, before passing H2S: with higher cracen- 
trations of acid, lead, cadmium and stannous tin wall be incomnletelv 
precipitoted ; if the acidity is too low, sulphides of Group IHB fNiS^ 
CoS and ZnS) may be precipitated. ^ ^ * 

lithCT of two methods may be employed to adjust the acid 

concentration. '' 

(a) Concentrate the solution until it has a volume of 10—15 ml 
Cool Add concentrated NH3 solution dropwise from a dronner 
pipette, with constant stirring, until the mixture is alkaline llmore 
any precipitate which may form: this either dissolves when the HQ 
is added or else is inverted into the sulphide by the EgS treatment ) 
Introduce dilute HCl dropwise until the mixture is just acid tose 
litmus paper). ^^Then add 2-0 ml. of 3 M HCl (measured from a 
gadua^ pipette or a pabbrated dropper) and dilute the solution 
to a volume of 20 ml. with distilled water. 

• ^ alternative procedure is to make use of the indicator methyl 
Violet ( 0*1 per cent aqueous solution or, better, the purchased or 
prepared indicator paper). The following table gives the colour of 
the indicator at vanous concentrations of acid. 


Acid concentration 
Neutral or alkaline 
0- IN HCl 
0*25N HCl 
0*33iV HCl 
0-50NHC1 


pH Methyl violet indicator 
7 + Violet. 

1-0 Blue. 

0*6 Blue-green. 

0*5 Vellow-green. 

0-3 Yellow. 


indicator solution and introduce 
diluto HCl or dilute aqueous NH3 (as necessary) dropwise and with 
constant stirmg until the colour of the solution a 

blue-green colour is almost but not quite acid enough vet is acceut! 
able for most analyses. (H the indicator paper is available toe 

the paper.) It is recommended that a comparison solution eon 
tainmg, say 10 ml.-of 0 - 3 i^ HCl and 1 drop o? indicate be freX 
prepared: this will facilitate the correct adjustment of the aciditif 
A more satisfactory standard is a buffer solution prepkl by S 

pH ofO-^ ml. of HCl: this solution has I 

( 4 ) For the passage of H2S into the solution, the latter is 
placed m a smaU ^nical flask (one of 50 ml. capacity is suttSle) 
and the pressure method used as detailed m Section II, 2, 7 
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Heat the solution almost to boiling and pass in HgS, whilst slowly 
shaMng the flask with a swirling motion, until precipitation is 
complete: the latter will be apparent when bubbling either stops 
altogether or is reduced to a very slow rate of 1-2 bubbles per minute. 
Saturation is normally reached in 2-5 minutes. The best method 
of determmmg whether precipitation is complete is to filter off a 
portion of the solution and to test the filtrate with H2S. If only a 
white precipitate or suspension of sulphur is obtained, the presence 
of an oxidising agent is indicated. 

If an oxidising agent is present (e.g. a permanganate, di- 
chromate or ferric salt), as is shown by the gradual separation of a 
fine white precipitate of sulphur and/or change in colour of the 
solution, it is usual to pass SO2 into the hot solution until reduction 
is complete, then to boil off the excess of SO2 (test with K2Cr207 
paper) and finally to pass H2S. Arsenates, in particular, are slowly 
precipitated by H2S: they are therefore generally reduced by SO2 
to arsenites and then precipitated as AS2S3 with H28, after prior 
removal of the excess of SO2 in order to avoid interaction of the 
latter with H2S and the consequent separation of S. Stannic 
compounds may be very slightly reduced to the stannous state by 
this treatment ; the amount of reduction is, however, so small that 
it may be neglected. The original solution or substance must be 
tested for the valence state of the arsenic. 

The objection to the use of SO2 is that some sulphuric acid may 
be formed, especially upon boiling, and this may partially precipi- 
tate Pb, Sr and Ba as sulphates. Any precipitate formed in this 
process should accordingly be examined for these cations: PbS04 
is soluble in ammonium acetate solution. 

An alternative procedure to be borne in mind when arsenate, etc., 
is present, which does not possess the disadvantages associated with 
SO2 and is perhaps more expeditious, is to add 2-3 ml. of concen- 
trated HCl and 0*5 ml. of 10 per cent ammonium iodide solution* 
The arsenate is thereby reduced to arsenite, and upon saturation of 
the hot solution with H2S under “pressure,” the arsenic is com- 
pletely precipitated as AS2S3. This reduction can be carried out 
after the sulphides of the other elements have been precipitated in 
the presence of 0*3iV HCL 

The precipitated sulphides may be washed with a wash hquid 
prepared by dissolving 0'25 gram of NH4NO3 in 5 ml, of water and 
treating this solution with H2S. The H2S must be present in the 
wash hquid to prevent oxidation of some of the moist sulphides to 
sulphates. 

(5) Nitric acid is added to oxidise ferrous iron to the ferric state; 
if ferric iron was originally present, it will have been reduced by the 
H2S. Alternatively, bromine water may be used for the oxidation : 
the excess of bromine must be removed by boiling. Ferrous iron 
is incompletely precipitated by NH3 solution in the presence of 

NH4a. 
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Organic acids interfere with the normal course of analysis. Thus 
in the presence of oxalic, tartaric or citric acids, the addition of the 
group reagent JNH4CI and NHg solution might fail to cause the pre- 
cipitation of the hydroxides of Fe, A1 and Cr, Furthermore, if 
oxalic acid is present, the oxalates of some of the metals of Groups 
IIIB, I¥ and of Mg, which are insoluble in ammoniacal solution, 
might be precipitated at this stage. It is therefore essential to 
destroy the organic acids, the presence of which has been indicated 
in the prehminary tests, before precipitation of Group III A. This 
is best effected by evaporation with concentrated nitric acid until 
the black residue is completely oxidised. It is important not to 
heat the residue too strongly as it may convert any Fe, A1 or Cr 
present into the form of the sesquioxide which is difficultly soluble 
in concentrated HCl. 

If benzoic and/or salicylic acid are present, the free acids will 
separate upon the addition of HCl and they should therefore be 
looked for in the Group I precipitate. If any salicylic acid should 
pass through to Group III, great care must be taken when evapo- 
rating to dryness with concentrated HNO3 since the nitro-salicylic 
acids explode on strong heating. 

(6) Borates and fluorides of the metals of Group IIIB, IV and 
of Mg are insoluble (or sparingly soluble) in ammoniacal solution, 
and are therefore liable to be precipitated at this stage. They may 
be removed by repeated evaporation with concentrated HCl; the 
boric acid wiU slowly volatilise in the steam and the hydrogen 
fluoride with the excess of HCl. 

(7) Boric acid alone is more rapidly eliminated as the volatile 
methyl borate B(OCH3)3 {highly poisonous). If much boric acid is 
present, two treatments with CH3OH and HCl may be required. 

(8) Unless silicates are removed here, they are likely to be con- 
fused with A1(0H)3 in the group separation. Repeated evaporation 
with concentrated HCl converts silicates into a granular form of 
hydrated silica, which is readily filtered, particularly after a final 
digestion with dilute HCL The precipitate should be subjected to 
the microcosmic salt bead test or to the silicon tetrafluoride test 
(Section IV, 26). 

Solutions of silicates are decomposed by dilute HCl into silicic 
acid, which may partially separate in Group I in the gelatinous form. 
That not precipitated in Group I will be precipitated by NH4CI 
solution in Group IIIA (see under Silicates, Section IV, 26, reaction 

(9) The phosphates of the metals of Group IIIA, IIIB, IV and of 
Mg are insoluble in water and in ammoniacal solution, and may be 
precipitated at this stage. An excellent method for the removal of 
phosphate is given in Table II (Section VII, 7). 

(10) It is recommended that a small portion of the filtrate from 
Group IIIA be tested first with a little aqueous NH3 and H2S. If 
a precipitate is obtained, the main solution should be treated in this 
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maimer. If there is no precipitate, metals of Group IIIB are absent 
and the main filtrate from Group IIIA may then be employed in 
testing for Group IV, etc. 

The student should remember that the conditions for the precipi- 
tation of Group IIIB differ from those in Group 11. In the latter 
Group, H 2 S is passed into an acid solution in which the gas is only 
slightly soluble and hence much of it escapes unabsorbed unless the 
pressure” technique is employed. In the former Group, the 
solution is alkaline and therefore the H 2 S is readily absorbed. 
Moreover, if too much H 2 S is employed, NiS may partially form a 
colloidal solution. This is largely avoided by passing H 2 S for 30-60 
seconds, and testing for completeness of precipitation. Some 
authors recommend that H 2 S be passed into a solution acidified 
with acetic acid and thus avoid the complication due to colloidal NiS. 

( 11 ) The wash liquid for the Group IIIB precipitate may consist 
of 1 per cent NII 4 CI to which 1 per cent by volume of ammonium 
sulphide solution is added. Oxidation of the moist sulphides to the 
soluble sulphates is thus considerably reduced. 

( 12 ) If the solution or the filtrate from Group IIIB is brown or 
dark in colour, Ni may be suspected. The dark- coloured solution 
contains colloidal NiS, which runs through the filter paper. It may 
be acidified with acetic acid, and then boiled until the NiS has 
coagulated: this may either be added to the Group IIIB precipitate 
or tested separately for Ni. As a general rule, the addition of 
macerated filter paper (e.g, in the form of a portion of a Whatman 
filtration accelerator or ashless tablet) to the suspension before 
filtration will lead to a clear or colourless solution. 

(13) The filtrate must be acidified immediately and concentrated 
to remove H 2 S. Ammonium sulphide solution on exposure to air 
slowly oxidises to ammonium sulphate and would then precipitate 
any barium or strontium present as BaS 04 or SrS 04 . Another 
reason for the immediate acidification of the fiGitrate from Group 
IIIB is to prevent the absorption of CO 2 from the air with the 
attendant formation of carbonate ions: the latter would also pre- 
cipitate the ions of Group IV. 

(14) The initial filtrate from Group IIIB will contain a very high 
concentration of ammonium salts . The concentration of ammonium 
ions is much greater than is necessary to prevent the precipitation 
of Mg(OH )2 and it may also lead to incomplete precipitation of the 
carbonates of Group IV metals. The latter effect is due to the acidic 
properties of the ammonium ion : 

NH4+ 4- COs”” ^ NH3 4* HCO3"; 

the concentration of GOg”"" ions upon the addition of (NH 4 ) 2 C 03 
would thus be reduced considerably. For these reasons most of 
the ammonium salts must be eliminated first. 

Concentrated HNO3 decomposes NH 4 GI at a lower temperature 
than is required for its volatilisation: 

NH4CI + HNO3 ^ NH4NO3 4 HCl N2O 4 SHgO 4 HCl 
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Loss by decrepitation and spurting during tMs operation must 
be avoided. 

(15) The “ammonium carbonate solution” contains much ammo- 
nium bicarbonate ]SrH4HC03 and will accordingly form soluble bi- 
carbonates with the alkaline earth metals unless excess of ammonia 
solution is present; in the latter case the amount of normal car- 
bonate (^£[4)2003 present will be increased. When precipitating 
Group IV, the solution should be warm (ca. 50^(7) to decompose 
any bicarbonates formed. The solution must not, however, be 
boiled because the reaction 

MCO3 + 2NH4CI ^MCla + (NH4)2C03 
is reversible; boiling decomposes the (NH4)2C03, the reaction will 
proceed from left to right and the precipitate will dissolve (see also 
Section III, 29, reaction 2). 

Ammonium carbonate decomposes appreciably above 60 ° 0 : 

(NHJaCOa 2NH3 + COa + HgO 

The digestion also improves the filtering properties of the precipitate. 

(16) Owing to the slight solubility of CaCOa, SrCOs and BaCOg 
in solutions of ammonium salts, the filtrate from Group IV will, 
when these metals are present, contain minute amounts of the ions 
of the alkaline earth metals. Since the Group IV metals may 
interfere to a limited extent with the flame tests for Na and K and 
also with the Na2B[B04 test for Mg (if employed), it has been recom- 
mended that the filtrate from Group IV be heated with a little 
(say, 1 ml.) of (NH4)2S04 solution and (NH4)2C204 solution and 
filtered from any precipitate which forms. Owing to the com- 
paratively small concentration of ammonium salts, this is generally 
unnecessary if the procedure described in Table X (Section VII, 15) 
is adopted. 

Notes on Phosphate Sepaeation Table (Table II) 

(1) The HCl concentration should not exceed V, otherwise a 
turbid supernatant liquid is obtained and the precipitation of 
phosphate is not quantitative. 

(2) This is usually termed the zirconium nitrate reagent. Its 
preparation is described in the Appendix (Section A, 2). 

(§) It is important that the excess of the zirconium nitrate reagent 
should not exceed 25 per cent, otherwise a turbid supernatant liquid 
will be obtained: this turbidity cannot be removed by filtration or 
centrifugation. It is best, therefore, to add the zirconium nitrate 
solution slowly and with stirring until precipitation appears com- 
plete, heat just to boiling, filter and test the filtrate with the re- 
agent, etc. 

(4) The addition of half a Whatman filtration accelerator (or a 
little filter paper pulp) assists filtration; the precipitate must be 
washed thoroughly with hot water. The filtration accelerator con- 
sists of compressed filter paper which disintegrates on boiling; it 
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VII, 8. Table IIL— Analysis of Group I (Silver Group) 


The ppt. may contain PbCi2, AgCl and Hgadg. Wash the ppt. on the 
filter first with 2 ml. of 1 - 2 JV HCl, then 2-3 times with 1 ml. portions of 
cold water and reject the washings with water. Transfer the ppt. to a 
small beaker or to a boiling tube, and boil with 5-10 ml. of water. Filter 
hot. 

Residue. May contain Hggdg and 
AgCl. Wash the ppt. several times with 
hot water until the washings give no ppt. 
with K2Cr04 solution: this ensures the 
complete removal of the Pb. 

Pour 3-4 ml. of warm dilute NHg solu- 
tion over the ppt. and collect the filtrate. 

Filtrate. May contain 

PbCl2. 

Cool a portion of the solu- 
tion: a white crystalline ppt. 
of PbClg is obtained if Pb is 
present in any quantity. 

Divide the j^trate into 3 
parts: 

(i) Add K2Cr04 solution. 
Yellow ppt. of PbCr04, in- 
soluble in dilute acetic acid. 

(ii) Add KI solution. Yel- 
low ppt. of Pblg, soluble in 
boiling water to a colourless 
solution, which deposits bril- 
liant yellow crystals upon 
cooling. 

(iii) Add dilute H2SO4. 
White ppt. of PbS04, soluble 
in ammosoium acetate solu- 
tion. 

Pb present. 

Residue. If 
black, consists of 
Hg(NH2)Cl 4- 
Hg. 

Hg (ous) 
present.* 

Filtrate.t May con- 
tain [Ag(HH3)2]Cl. 
Divide into 3 parts : 

(i) Acidify with 
dilute HNO3. White 
ppt. of Agd. 

(ii) Add a few drops 
of KI solution. Pale 
yellow ppt. of Agl. 

(iii) Add a few drops 
of the rhodanine re- 
agent. 

Ag present. 


(2) AgCl is soluble in dilute NH3 solution, yielding the soluble 
complex salt [Ag(NH3)2]Cl. The solution of this complex salt 
is decomposed by both dilute HNO3 and by KI solution with 
the precipitation of the insoluble salts AgCl and Agl respec- 
tively. 

AgCl + 2NH3 = [Ag(NH3)2]ei; 

[Ag(NH3)2]Cl + 2HNO3 = AgCl + 2NH4NO3; 

[Ag(NH3)2]Cl + KI = Agl + KCi + 2NH3 

* This is a conclusive test for mercurous mercury. It may be further 
confirmed by dissolving the ppt. in 3-4 ml. of boiling aqua regia, diluting, 
filtering if necessary, and then adding SnCl^ solution. A white ppt. (Hg2Cl2)> 
turning grey (Hg), is obtained. 

t If Hg is present in reasonably large quantity and Ag has not been detected, 
carry out the above confirmatoiy test for Hg, and treat the thoroughly 
washed residue, insoluble in aqua regia, with dilute NH3 solution. Filter, 
if necessary, and add dilute HHO3 to the clear solution. A white ppt. of 
AgCl wiU form if small amounts of Ag are present. This is an alternative 
procedure for separating Hg and Ag in HggCig-AgCl mixture. 

When the amount of Hg{]SrH2)Cl + Hg is large and that of AgGl is small, 
the latter may be reduced to metallio silver according to the reaction, 

2Hg + 2AgCl =: HgaCla + 2 Ag, 
and thus escape detection. 
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The rhodanine reagent (Section III, 4, reaction 7) gives a 
precipitate with a solution of [Ag(KH3)2]Cl: any interference 
by mercury (or cuprous copper) is thus eliminated. 

(3) The conversion of Hg2Cl2 by dilute NH4OH solution 
into the insoluble black mixture of amino mercuric chloride 
Hg(]SrH2)01 and finely divided mercury. 

HgaCla + 2NH3 = Hg(NH2)Cl + Hg + NH4CI 
Aqua regia converts the black mixture into HgCl2 (see under 
Mercury (Section III, 3, reaction 1)). The mercuric ion is then 
detected with SnCl2 solution. 

2HgCl2 + SnCIa = SnCU + HgaCIa; 

HgaCla + SnCla = SnCli + 2Hg 

VII, 9. Table IV. — ^Analysis of Group II (Copper and 
Arsenic Groups). Separation of Group IIA (Copper 
Group) and Group IIB (Arsenic Group) 

Method A 


The ppt. may consist of the sulphides of the Group IIA metals (HgS, 
PbS, BigSa, CdS) and those of Group IIB (AsgSg, SbgSg, SbgSs, SnS, 

SnSa). Wash the precipitated sulphides with a little 5 % NH4CI solution 
that has been saturated with HgS (the latter to prevent conversion of CuS 
into CUSO4 by atmospheric oxidation), transfer to a porcelain dish, add 
about 5 ml. of ammonium sulphide solution, heat to SO-dO^Gj^ and 

maintain at this temperature for 3-4 minutes with constant stirring. 
Pilter.f 

Residue. May contain HgS, 
PbS, BigSa, CuS and CdS. 

Wash once or twice vpith small 
volumes of dilute (1 : 100) am- 
monium sulphide solution, then 
with 1% NH4NOS solution and 
reject all washings. 

Group IIA present. 

Filtrate. May contain solutions of 
the thio-salts (NH4)3AsS4, (NH4)3SbS4 
and (1^4)28083. Just acidify by add- 
ing concentrated HCl dropwise (test 
with litmus paper), and warm gently. 

A yeUow or orange ppt., which may 
contain As 385, As 38 3, Sb2S6> SbgSa and 
SnS2,t indicates Group HB present. 


Explanation {Table IV) 

The sulphides of mercuric mercury, lead, bismuth, copper 
and cadmium and of arsenic, antimony and tin are precipitated 
by HjS m the presence of dilute (0-3iV) HOI. The sulphides 

* If the ammomixm sidphide extract for some time in the air, a 

red antimony oxysulphide SbaOS^ may be precipitated. 

t If pj^eoipitate is completely soluble in yeUow ammonium sulphide 
solution, Group IIA is absent. 

J If much S and little sulphide is suspected, shake with a little benzene: 
the sulphides collect at the boundary surface. 

17 
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of ai^senic {AS2S3), antimony {Sb2S3 and Sb2S5) and of tin 
(SnSg) (Group IIB) are soluble in yellow ammonium sulphide 
solution forming thio-saits, whilst those of the other metals 
(Group II A) are insoluble. Stannous sulphide SnS is insoluble 
and antimony trisulphide Sb2S3 is sparingly soluble in colour- 
less ammonium sulphide solution, but both of these dissolve 
readily in the yellow ammonium sulphide solution; the SnS is 
converted into the thio-stannate. Colourless ammonium sul- 
phide solution consists largely of ammonium hydrosulphide 
]SrH4HS (the normal ammonium sulphide (NH4)2S does not 
seem to exist in aqueous solution). The yellow ammonium 
sulphide solution contains an excess of sulphur and may be 
formulated (NH4)2Sa;: the formula (NH4)2S2 is often used for 
the last-named in writing equations, but there is some evidence 
that the solution contains the pentasulphide (^114)285. YeEow 
ammonium sulphide and not colourless ammonium sulphide is 
therefore generally used in one method for the separation of 
Groups IIA and IIB. The separation of sulphur upon acidifi- 
cation is a disadvantage. 

AS 2 S 3 -f* 3(NH4)2S2 

= S -f 2 (NH 4 ) 3 AsS 4 (ammonium thio-arsenate) 

SbaSs + 3(NH4}2S2 

= S -h 2(KH4)3SbS4 (ammonium thio-antimonate) 
SnS 2 + (NH 4 ) 2 S 2 = S -f (NH 4 ) 2 SnSs (ammonium thio-stannate) 
SnS -f (NH4)2S2 == (ISnB[4)2SnS3 

Upon acidifying the solutions of the thio-salts with dilute 
HCl, the sulphides are precipitated, and the excess of ammo- 
nium sulphide is decomposed, 

2(NH4)3AsS4 4- BHO == AsgSg -f 6NH4CI + SHgS 
2(NH4)3SbS4 6HC1 === SbgSs + 6NH4CI 4- 3H2S 
(NH4)2SnS3 -f 2HC1 = SnSg + 2NH4a + HgS 

(nh 4)2S2 + 2HC1 -= s + 2m.4!a + H2S 

Explanation {Table IV A) 

By digesting the Group II precipitate with 2A KOH solution, 
the sulphides of As, Sb and Sn (ic) dissolve whilst those of Hg, 
Pb, Bi, Cu and Cd are largely unattacked. The very slight 
solubility of PbS is reduced by adding a little H2S water 
{i,e. S ): some HgS will dissolve in the presence of S and, 
in consequence, provision is made for the detection of Hg in 
both Groups IIA and IIB. 
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VII, 9. Table IVA.— Analysis of Group II (Copper and 
Arsenic Groups). Separation of Group IIA (Copper 
Group) and Group IIB (Arsenic Group) 

Method B 

The ppt. may consist of the sulphides of the Group IIA metals (HgS, 
PbS, BigSg, CuS and CdS) and those of Group IIB (As^Ss, Sb 2 S 3 , SbaSg 
and SnSg*). Wash the precipitated sulphides with a small volume of 5% 
NH 4 CI solution that has been saturated with HgS. Transfer the ppt. to 
a 100 ml. beaker or porcelain basin, add 10 ml. of 2^" KOH solution and 
boil with constant stirring (CAXJTIONt) for 2-3 minutes. Add 3 ml. of 
freshly prepared, saturated HgS water, stir and filter (preferably through 
a double filter). Wash the residue with a little water and collect the 
washings with the filtrate. 

Residue. May con- Filtrate. May contain EIASO 2 , KASS 2 , 
tain HgS, PbS, BigSg, KSbO^, KShS^, KsESnCOH)^], K^SnSs and a 
CuS and CdS. little K 2 [HgS 2 ]. Transfer to a small conical flask 

Group IIA present, or beaker, add concentrated HCl dropwise and 
Reserve the ppt. for with stirring until the mixture is distinctly acid 
analysis by Table V. to litmus paper. Treat with HgS for 2 minutes 
to ensure complete precipitation of the sulphides. 
The formation of a ppt. indicates the possible 
presence of Hg, As, Sb or Sn. Filter and wash 
the ppt. with a little water. Reserve the residue 
for analysis by Table VIA. 

Group IIB present. 

Potassmm hydroxide is employed in preference to sodium 
hydroxide since sodium antimonate is sparingly soluble. 

AsgSa + 6KOH 

= 3H2O + K3ASO3 + K3ASS3 (potassium thio-arsenite) 
2Sb2S3 + 4KOH = 2H2O + KSbOg + SKSbSg 
SbgSs +- 6KOH = 3H2O + K3SbS4 + KgShSOg 
3SnS2 + 6KOH 

= 3H2O + K2Sn03 + 2K2SnS3 (potassium thio-stannate) 

HgS + K2S = K2[Hg82] 

Upon acidification with HCl, the sulphides are precipitated : 
K3ASO3 + K3ASS3 + 6HC1 = 3H20 + AS2S3 + 6KC1 
KSbOs + 3KSbS2 + 4HC1 = 2H2O + 2Sb2S3 + 4KCI 
E 3 SbS 4 + KgShSOs + 6 Ha = 3H2O + Sb 2 S 5 + 6 Ka 
KsSnOg + 2K2SnS8 + ma = 3H2O +ms^+ 6KCI 
K2[HgS2] + 2HC1 = HgS + 2KC1 + H^S 

* Stannous sulphide is not completely soluble in 2N KOH. The oxidation 
with H 2 O 2 solution will have converted Sn+'*' into Su++++ (see Table I). 

f Potassium hydroxide is an extremely dangerous substance because of its 
destructive effect upon the eyes. Precipitates, when heated with KOH 
istolution, tend to bump. Suitable precautions should therefore be taken: 
the process should be carried out in the fume cupboard. 
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The disadvantages attending the use of ammoninni poly- 
stilphide in the separation of Groups IIA and IIB are: 

(i) Some CnS and HgS are dissolved. 

(ii) In the presence of large quantities of the Copper Group, 
small amounts of tin may escape detection. 

(iii) Acidification of the ammonium polysulphide extract 
leads to the precipitation of sulphur, which may obscure the 
presence of sulphides of Group IIB. 

(iv) Ammonium polysulphide solution, unless freshly pre- 
pared, may contain sulphate and this will lead to the precipi- 
tation of barium as BaS04, etc. 

Explanation {Table V) 

The residue insoluble in yellow ammonium sulphide solution 
or in 2N KOH solution may contain HgS, PbS, Bi2S3, CuS 
and CdS. Their separation is based upon the following facts: 

(1) HgS is insoluble in dilute HNO3; the sulphides of Pb, Bi, 
Cu and Od dissolve with the formation of nitrates. 

3PbS + 8HNO3 == 3Pb(N03)2 + 2NO + 3S + 4H2O 

BigSg + 8HNO3 = 2Bi{NOs)3 + 2NO + 3S + 

One confirmatory test for Hg involves the conversion of the 
HgS by aqua regia or by NaOCl-HCl into HgCl2, and the 
familiar reduction of the latter by SnCl2 solution.* 

3HgS +■ 2HNO3 4- 6Hei == SHgCls + 38 + 2NO 4HsO 

(2) The filtrate from the nitric acid treatment contains the 
nitrates of Pb, Bi, Cu and Gd. Dilute H2SO4 precipitates Pb 
as PbS04, leaving the other metals (which form soluble sul- 
phates) in solution, 

PbCNOsla + H2SO4 - PbS04 -f 2HNO3 
The object of the evaporation with H2SG4 until white fumes 
appear is to eliminate the HCl and HNO3, which have a slight 
solvent action upon the PbS04. The PbS04 is converted by 
ammonium acetate solution into lead acetate, winch is only 
feebly ionised in the presence of excess of acetate ions. The 
insoluble PbCr04 is precipitated upon the addition of K2Cr04 
or K2Cr207 solution. 

PbS04 + 2NH4.C2H3O2 - Pb{C2H302)2 + (NH4)2S04 

2Pb(C2H302)2 + K2Cr207 + H2O 

= 2PbCr04 + 2H.C2H3O2 + 2K.C2H3O2 

* Confirmatory tests 'will not, in general, be described in detail where they 
have already been given under the reactions of the metal ions. 
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VII, 10. Table V.— Analysis of Group IIA (Copper Group)* * * § 


The ppt. may contain HgS, PbS, BigSg, CuS and CdS. Transfer to a 
beakerf or porcelain basin, add 5-10 nd. of dilute HNO 3 , gently for 
2-<3 minutes, filter and wash with a little water, 


Residue. 
Black: HgS. 

Dissolve in 
a mixture of 
2*5 mi. of 
10% NaOCl 
solution and 
0-5 ml. of 
dilute HCL 
Add 1 ml. of 
dilute HCl, 
boil off excess 
of CI 2 and 
cool. Add 
SnClg solu- 
tion. 

White ppt., 
turning grey 
or black. 

Hg (ic) 
present. 

Filtrate. May contain nitrates of Pb, Bi, Cu and Cd. 
Test a small portion for Pb by addiug dilute H 2 SO 4 and 
alcohol. A white ppt. of PbS 04 indicates Pb present. 
If Pb present, add dilute H 2 SO 4 to the remainder of the 
solution, concentrate in the fume cupboard until white 
fumes (from the dissociation of the H 2 SO 4 ) appear. Cool, 
add 10 ml. of water, stir, allow to stand 2 -S minutes, filter 
and wash with a little water. 

Residue. 

White: 

PbS04. 

Pour 2 ml. 
of ammon- 
ium acetate 
through 
the filter 
several 
times, add 
to the fil- 
trate a few 
drops of 
dilute acetic 
acid and 
then KaCr 04 
solution. 
Yellow ppt, 
of PbCr 04 . 
Pb present. 

i 

Filtrate. May contain nitrates and sul- 
phates of Bi, Cu and Cd. Add concen- 
trated NHg solution until solution is 
distinctly alkaline. Filter. 

Residue. 
White: may be 
Bi(OH) 3 . Wash. 
Dissolve in the 
mim'rmTm 
volume of dilute 
HCl and pour 
into cold sodium 
stannite solu- 
tion. { 

Black ppt. 

Bi present. 
Alternatively, 
dissolve a little 
of ppt. in 2-3 
drops of dilute 
HNOg. Place 1 
drop of this 
solution upon 
filter paper 
moistened with 
cinchonine-KI 
reagent. 

Orange-red spot. 

Bi present. 

Filtrate. May contain 
[Cu(]m 3 ) 4 ] + + and 
[Cd{NH3),]++ 

If deep blue in colour, 
Cu is present in quantity. 
Confirm Cu§ by acidify- 
ing a portion of the fil- 
trate with dilute acetic 
acid and add K 4 [Fe(CH) 6 ] 
solution. 

Reddish-brown ppt. 

Cu present. 

To the remainder of the 
filtrate, add KCH solu- 
tion jl dropwise until 
colour is discharged, and 
add a further ml. in 
excess. Pass HgS for 20- 
30 seconds. 

Yellow ppt., sometimes 
discoloured, of CdS. 

Cd present. 

Filter off ppt. and dis- 
solve a portion of it in 

1 ml. of dilute HCl: boil 
to expel HgS and most of 
the acid and apply the 
“oafiion-2B” test on 1 
drop of the solution. A 
pink spot confirms Gd.*lf 


* For an alternative Table, which is strongly recommended, see Section 
III, 10, Table IIA. 

f This is most easily effected by making a small hole in the filter with a 
pointed glass rod, and washing the ppt. into the beaker or basin with dilute 
HNOg.,/' , ' ' 

J Sodium stannite is prepared by adding NaOH solution to 1 ml. of SnClj 
solution until the ppt. of Sn(OH )2 first formed redissolves. 

§ Alternatively, just acidify a smaU portion with dilute H 2 SO 4 . Add 1 
drop of this solution to a few drops of dilute ZnSO^ solution, and then intro- 
duce a little ammonium mercuri-thiocyanate reagent. A violet ppt. confirms 
Cu. The ppt. can be rendered clearly visible by adding a little amyl alcohol 
and shaking: it collects in and colours the organic layer. 
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(3) The addition of excms of NH3 solution results in the 
precipitation of Bi(0H)3 and the formation of the soluble 
complex salts, [Gu(NH3)4]S04 and [Cd(NB[3)4]S04. 

Bi2(S04)3 + 6 NH 3 + 6 H 2 O = 2Bi(OH)3 + a(NH4)2S04 
CUSO4 + = [Gu(im^ 

GdS04 + 4NH3 = [Cd(NH3)4]S04 

The sodium stannite solution reduces the Bi(OH)3 to Bi and 
is itself oxidised to sodium stannate. 

2Bi(OH)3 + SNagLSnOg] == 2Bi + SNasLSnOg] + SHgO 

(4) The addition of acetic acid to the blue solution decom- 
poses the complex into GUSO4 and ]SrH4.C2H302; K4[Fe(CN)6] 
solution yields reddish-brown Gu2[Fe(GN)6]. 

[Gu(NH3)4]S04 + 4H.C2H3O2 = CUSO4 + 4NH4.C2H3O2 
K4[Fe(CN)6] + 2CUSO4 = Cu2[Fe(CN)6] + 2K2SO4 

If copper is absent, passage of H2S into the solution of the 
complex salt precipitates CdS, the final reaction being: 

[Cd(NHs)4]S04 + HgS = CdS + (NH4)2S04 + 2NH3 

If copper is present, the addition of excess of KCN solution 
converts the ammine complexes into the colourless complex 
cyanides, potassium cuprocyanide K3[Cu(CN)4] and potassium 
cadmicyanide K2[Cd(CN)4]. 

2 [Cu(NH 3 ) 4 ]S 04 + lOKCN 

= 2 K 3 [Gu(CK) 4 ] + 2 K 2 SO 4 + (GN )2 + 8 NH 3 

[Cd(NH3)4]S04 -f 4KCN = K2[Cd(CN)4] + K2SO4 + 4NH3 
the cyanogen produced reacts with the solution: 

(cn )2 4- 2NH3 +:h 20 = NH4CN0 + NH4CN 

With potassium cuprocyanide, the concentration of the cuprous 
ions produced by the secondary ionisation of the complex ion 
[Cu(CISr)4] is insufficient to exceed the solubility product of 
CU2S upon the addition of H2S ; no precipitation therefore 
occurs. Potassium cadmicyanide, on the other hand, is 
relatively unstable (compare Section I, 20) and the concentra- 
tion of cadmium ions arising from the secondary dissociation 
of the [Gd(CN)4]”‘““ is sufficient to exceed the solubility product 
of GdS when H2S is passed into the solution. 

K3 [Cu(CN) 4] ^ 3K+ + [Chi(0N)4r'““ ^ 3E:+ + Cu+ + 4CN““ 

K2[Cd(CN)4] ^ 2K:+ + [Cd(CN)4]“‘’ ^ 2K+ -f Cd++ + 4CN'’ 
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¥11, IL Table ¥1.— Analysis of Group IIB (Arsenie Group) 

Method A 


Treat the yellow ammomixna sulphide extract of the Group II ppt. (see 
Table IV) with dilute HCl, with constant stirring, until it is slightly acid 
(test with litmus paper), warm and shake or stir for 1-2 minutes. A fine 
white or yellow ppt. is sulphur only. A yellow or orange flocculent ppt. 
indicates As, Sb and/or Sn present.* Filter and wash the ppt., which may 
contain AsgSg, AsgSg, SbgSg, SnS2 and S, with a little HgS water; reject 
the washings. 

Transfer the ppt. to a small conical flask, add 5-10 ml. of concentrated 
HCl and boil gently for 5 minutes (with fuxmel in mouth of flask). Dilute 
with 2-3 ml. of water, pass HgS for 1 minute to reprecipitate small amoimts 
of arsenic that may have dissolved, and filter. 


Residue. May contain Filtrate. May contain H[SbCl4] and 
AsgSg (and/or AsgSs) + S: HgCSnOlg]. Boil to expel HgS, and divide the 
yellow. cold solution into three parts. 

Dissolve the ppt. in 3-4 (i) Render just alkaline with dilute NHg 

ml. of warm dilute NHg solution, disregard any slight ppt., add 1-2 
solution, filter (if neces- grams of solid oxalic acid, boil and pass HgS 
sary), add 3-4 ml. of 3% for ca. 1 minute into the hot filtrate. 

HgOg solution and warm Orange ppt. of SbgSg. 

for a few minutes to oxi- Sb present. 

dise arsenite to arsenate. (ii) To 2 drops of the solution on a spot 

Add a few ml. of the plate, add a minute crystal of NaNO 2 and then 

Mg(N03)2 reagent. Stir 2 drops of Rhodamine-B reagent. 

and allow to stand. Violet solution or ppt. 

White, crystalline ppt. of Sb present. 

Mg(NH4)As04,6H20. (iii) Partially neutralise the liquid, add 10 

As present.! cm. of clean iron wire to 1 ml. of the solution. 

Confirm as follows. (If much Sb is present, it is better to reduce 
Filter off ppt., and pour with Mg powder.) Warm gently to reduce the 
1 ml. of AgNOg solution tin to the stannous state, and filter into a 
containing 6-7 drops of solution of HgClg. 

acetic acid bn to White ppt. of HggCl 2 or grey ppt. of Hg. 

residue on filter. Brown- Sn present.! 

ish-red residue of (iv) Treat 0*2-0’ 3 ml. of the solution with 

Ag8As04. 5-10 mg. of Mg powder, add 2 drops of FeClg 

solution, 2-3 drops of 5% tartaric acid solu- 
tion, 1-2 drops of dimethylgly oxime reagent 
and then dilute NHg solution until basic. 
Red coloration, 

Sn present! 


Explanation {Table VI) 

The precipitate obtained upon acidifying the ammonium 
sulphide (NH 4 ) 2 Sa. extract may contain AsgSs (and/or AS 2 S 3 ), 

* If Cu is present in the original Group II ppt., a small amount may be 
dissolved by the ammonium sulphide solution and re-precipitate here 
(brownish-red). 

! If As or Sn is found, the original solution must be tested to ascertain 
whether present in the 02^^ or --ic state. 
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SbgSs, SnS2 and S. Their separation depends upon the follow- 
ing facts: 

(1) As2Sg is almost unaffected by concentrated HCl, whilst 
Sb2S5 and SnS2 dissolve forming chlorides : 

SbsSg + 6 HC 1 = 2 SbCl 3 + SHgS + 2 S 

SnSg + 4 HC 1 = SnCl4 -f 2H2S 

(2) The As2Sg and/or AS2S3 is converted by ammoniacal 
H2O2 solution into arsenate: 

AS2S5 -f- 16 IsrH 3 -4" 2OH2O2 

= 2(NH4)8As04 + 5(NH4)2S04 + I 2 H 2 O 

AS2S3 d- 12NH3 I4H2O2 

= 2(NH4)3As04 + 3(NH4)2S04 + 8H2O 

The arsenate is readily identified with the Mg(N03)2 reagent 
or with magnesia mixture as the crystalline Mg(NH4)As04,- 
6H2O: 

(NH 4 ) 3 A 804 + Mg(N03)2 = Mg(NH4)As04 + 2 NH 4 NO 3 

( 3 ) The filtrate from the HCl treatment contains SbCla (or 
H[SbCl4]) and SnCl4 (or H2[SnCl6]). Antimony is identified by 
adding NII3 solution and a large excess of oxalic acid to the 
mixture: a relatively stable tin-oxalate complex ion is formed. 
The antimony-oxalate complex ion is less stable and an appre- 
ciable concentration of Sb+++ ions is present in solution. 
Hence when H2S is passed into the solution, Sb2S3 alone is 
precipitated. Continued treatment with H2S (beyond 3-5 
minutes) may, however, result in the decomposition of the tin- 
oxalate complex ion : this will be indicated by the darkening 
of the orange Sb2S3 precipitate. Antimony is also identified 
by the characteristic reaction with Rhodamine-B (Seotion HI, 
14 , reaction 7 ). 

( 4 ) The addition of metallic iron to the diluted solution 
reduces the SnCl4 to SnCl2 and the SbCls to black Sb ; upon 
filtration, the solution contains SnCl2 and is free from Sb. 
The SnCl2 is identified by the usual reaction with HgCl2 solu- 
tion; the PeCl2 produced has no action upon the HgCl2. 

SnCl4 + Ee = SnClg + FeCla 

2SbCl3 + 3 Ee = 2Sb + SFeClg 

The tin may also be identified by the dimethylglyoxime test 
(Section III, 16 , reaction 6). 
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VII, 11. Table VIA. — Analysis of Group IIB (Arsenic 

Group) 

Method B 

.The filtrate from the Copper Group (KOH extract) may contain KAsOg, 
KAsSg, KSbOs, KSbSg, K^SnOg or K2[Sn(OH)g], K^SnSg and a little 
K 2[HgS a]. Add concentrated HCl cautiously (dropwise and vdth cautious 
stirring) until the solution is distinctly acid to litmus paper. Treat with 
HgS for 2-3 minutes to ensure complete precipitation of the sulphides. 
The formation of a ppt. indicates the possible presence of HgS, AsgSg, 
SbaSg and SnSg. Filter; wash the ppt. with a little water and discard 
the washings. Transfer the ppt- to a small conical flask, add 5—10 ml. 
of concentrated HGl, heat to boiling [FXJME CUPBOARD] and maintain 
the mixture near the boiling point over a free flame for 3-5 minutes ; stir 
constantly. Dilute with a little water and filter. 


Filtrate. May contain 
H[SbCl4] and HgLSnClg]. 

Divide into three p^s. 

(i) Render just alkaline with 
dilute NHg solution, disregard 
any slight ppt., add 1-2 grams 
of solid oxalic acid, boil and pass 
HgS for CO. 1 minute into the hot 
solution. 

Orange ppt. of SbgSg. 

Sb present. 

(ii) To 2 drops of the solution 
on a spot plate, add a minute 
crystal of NaNOg and then 2 
drops of Rhodamine-B reagent. 

Violet ppt. or solution. 

Sb present.! 

(iii) Partially neutralise the 
liquid, add 10 cm. of clean iron 
wire to 1 ml. of the solution. 
(If much Sb is present, it is 
better to reduce with Mg 
powder.) Warm gently to re- 
duce the tin to the stannous 
state, and filter into a solution 
ofHgClg. 

White ppt. of HggClg or grey 
ppt. of Hg. 

Sn present.! 

(iv) Treat 0-2-0*3 noi. of the 
solution with 5-10 mg. of Mg 
powder, add 2 drops of FeClg 
solution, 2-3 drops of 5% tar- 
taric acid solution, 1-2 drops of 
dimethylglyoxime reagent, and 
then dilute JOTg solution until 
basic. 

Red coloration, 

Sn present. 

! If As or Sn is found, the original solution must be tested to ascertain 
whether present in the -ow or -«5 state. 


Residue. May contain HgS and 
AsgSg, If yellow, only As gSg present. 
Wash with water. Pour 5 ml. of dilute 
RHg solution through the filter 2 or 3 
times. 


Residue. Filtrate. Add dilute 

If dark- HHOg until distinctly 
coloured acid. 

(HgS). Yellow ppt. of AsgSg. 

Hg As present.! 

present. Confirm by redissolving 

Confirm ppt. in 3-4 ml. of warm, 
as in Table dilute NHg solution, add 
V, if Hg 3-4 ml. of 3% HgOg solu- 
not found tion and warm for a few 
in Group minutes to oxidise arsenite 
IIA. to arsenate. Add a few 

ml. of Mg(N 03)2 reagent, 
stir and allow to stand. 
White ppt. of Mg(RH4 )- 
As 04,6H20. Pour on the 
filter 1 ml. of AgHOg 
solution containing 6-7 
drops of 2iy acetic acid. 
Brownish-red residue of 
AggAsO*. 
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Explanation {Table VIA) 

The precipitate obtained upon acidifying the KOH extract 
may contain AS2S3, Sb2S3, SnS2 and a little HgS (for equations, 
see Explanation to Table IVA). The basis of the subsequent 
steps is similar to that described for Table VI with the variation 
that HgS may accompany the AS2S3 precipitate. These two 
sulphides are readily separated by utilising the fact that AS2S3 
alone is soluble in NH3 solution; upon acidifying the ammo- 
niacal extract, yellow AS2S3 is precipitated. 

AS2S3 4 - 6NH3 + 3H2O = (NH4)3As03 + (NH4)3AsS3 

(NH^lsAsOg + (NH4)3 AsS3 + 6HNO3 

= AS2S3 + 6NH4NO3 + 3H2O 

Explanation {Table VII) 

The precipitate may contain Fe(OH)3, Cr(OH)3, Al{OH)3 and 
a little Mn025irH20 : Co, M, Zn and some Mn remain in solution 
as the complex ammine ions, {The Mn02ja7H20 owes its 
formation to oxidation of some Mn(OH)2 (which is held in 
solution by N’H4C1 and aqueous NH3) by air and also partially 
to the HNO3 or Br2 water treatment made primarily to oxidise 
Te++ to + : some Mn++ is simultaneously oxidised to 
Mn++++ and the latter is precipitated as Mn02,irH20 by the 
group reagent, } The separation is based upon the following 
facts: 

(1) When the precipitate is boiled with NaOH and II2O2 
solution (or with ]SraB0354H20 solution), the Al(OH)3 is com 
verted into the soluble sodium aluminate NaA102 and the 
Cr(OH)3 is oxidised to the yellow, soluble sodium chromate 
Na2Cr04. The Fe(OH)3 and Mn02,irH20 remain undissolvedv 
The excess of H2O2 is decomposed upon boiling: any reduction 
of chromate upon acidification is thus avoided. 

A1(0H)3 + NaOH = NaAlOg + 2H2O 
2Cr(OH)3 + 3H2G2 + 4NaOH = 2Na2a^^ + SHgO 
-1" H2O = Na]B02 4~ H2O2 

The tests for Cr in the yellow solution of Na2Cr04 include 
the precipitation of PbCr04 with acetic acid and lead acetate 
solution (Section IV, 33, reaction 3) and the formation of 
“perchromic acid, ’V best in the presence of a little amyl 
alcohol (Section IV, 33, reaction i). 

Aluminium is identified by reprecipitation as Ai(OH )3 by 
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VII, 12, Table VII.— Analysis of Group IIIA (Iron Group)* 


The ppt. produced by adding brH 4 Gl and HHg solution may contain 
Fe{OE[) 3 , Cr(OH)g, Al(OH )3 and a little MnOgjicHgO. Wash with a little 
hot 1% NH 4 Ci solution. Transfer the ppt. with the aid of 5-10 ml. of 
water to a small evaporating basin or a small beaker, add 1~1‘5 grams of 
sodium perborate NaB 03 , 4 H 20 (or add 5 ml. of NaOH solution, followed 
by 5 ml. of 3% HgOg solution). Boil gently imtil the evolution of Og 
ceases (2-3 minutes). Filter. 

Residue. May contain 

Fe( 0 H )3 and MnOgjirHaO. 
Wash with a little not water. 

Dissolve a small portion of 
the ppt. in 1 ml. of dilute 
HNOg (1:1) with the aid (if 
necessary) of 3-4 drops of 3% 
HgOg solution or 1 drop of 
saturated HgSOg solution. 
Boil (to decompose H^Og), 
cool thoroughly, add 0- 0^0-1 
gram of sodium bismuthate, 
shake and allow the solid to 
settle. 

Violet solution of HMn 04 . 

Mn present. 

Dissolve another portion of 
the ppt. in dilute HCl (filter, 
if necessary). 

Either-— Add a few drops of 
RSClSr solution. 

Deep red coloration. 

Fe present. 

Or— Add K: 4 [Fe(GN)fi] solu- 
tion. 

Blue ppt. 

Fe present. 

The original solution or sub- 
stance should be tested with 
K: 4 [Fe(CN)fl] and with KSCN 
to determine whether Fe + + or 
Fe+++. 

Filtrate. May contain bra 2 Cr 04 

(yellow) and/or NaAlOg (colourless). 

If colourless, Cr is absent and need not 
be considered further. 

If the solution is yellow, Cr is indicated. 

Divide the liquid into three portions. 

(i) Acidify with acetic acid and add 
lead acetate solution. 

Yellow ppt. of PbO 04 . 

Cr present. 

(ii) Acidify 2 ml. with dilute HNOg, 
cool thoroughly, add 1 ml. of amyl alcohol, 
and 4 drops of 3% HgOg solution. Shake 
wen and allow the two layers to separate. 

Blue upper layer (containing “per- 
chromdc acid*’; it does not keep well). 

Cr present. 

(iii) Acidify with dilute HCl (test with 
litmus paper), then add dilute NHg solu- 
tion until just alkaline. Heat to boiling. 
Filter. 

White gelatinous ppt. of Al(OH) 3 . 

A1 present. 

Dissolve a small portion of the ppt. in 

1 ml. of hot dilute HCl. Cool, add 1 ml. 
of 10% ammonium acetate solution and 
0*5 nal, of the “aluminon” reagent. Stir 
the solution and render basic with ammo- 
nium carbonate solution. A red ppt. 
confirms the presence of Al. 


boiling in tbe presence of NH4CI and by the “aluminon” test 
(Section III, 21, reaction 7 ). 

NaAlOa + 1S1II4C1 + HgO =- Al(OH)3 + KaCi + NHg 
(2) The precipitate (Fe(0H)3 + remaining 

after boiling with NaOH + H^Og or with NaB03,4H20, is 
tested portionwise for Fe and Mn. Extraction with dilute HGl 
dissolves the Fe(0H)3 as EeCls: the solution may be treated 


* The removal of interfering acid radicals (organic acids, borates, fluorides, 
silicates and phosphates) has been described in Tables I and 11; see also 
Chapter VIII. 
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K4[Fe(CN)^^^ or with KSCN solution (Section III, 20, 
reactions 5 and I<?) and the presence of Fe established. 

Another portion of the precipitate is dissolved in dilute HNO3 
and a few ^ops of H2O2 solution: 

MnOs + H2O2 + 2HNO3 = Mn(5^03)2 + 2H2O + 0^, 

and the Mn++ is oxidised to permanganic acid HMn04 with 
sodium bismuthate NaBiOa (Section III, 26 , reaction 7 ) or 
with Pb02 and HNO3 (Section III, 26 , reaction 5 ). 


VII, 13 . Table VIII. — ^Analysis of Group IIIB (Zinc Group) 

Method A 


The ppt. may contain. CoS, KiS, MnS and ZnS. Wash well with 1% 
NH4CI solution to which 1% by volume of (^114)28 has been added; 
reject the washings. Transfer the ppt. to a small beaker. Add 10 ml. 
of N HCl (1 volume of concentrated acid: 11-12 volumes of water), stir 
well, allow to stand for 2-3 minutes and filter. 

Residue. If black, may 
contain CoS and NiS. Test 
residue with borax bead. 
If blue, Co is indicated. 

Dissolve the ppt. in a 
mixture of 1*5 ml. of 10% 
NaOCl solution and 0*5 rol. 
of dilute HCl. Add 1 ml. of 
dilute HCl, and boil until 
all Cl 2 is expelled. Cool 
and dilute to about 4 ml. 

Divide the solution into 
two equal parts. 

(i) Add 1 ml. of amyl 
alcohol, 2 grams of solid 
NH4SCN and shake well. 
Amyl alcohol layer coloured 
blue. 

Co present. 

(ii) Add 2 ml. of NH4CI 
solution, NH3 solution until 
alkaline, and then excess 
of dimethylglyoxime re- 
agent. 

Red ppt. 

Ni present. 

Filtrate. May contain MnClg and ZnCl2 
and, possibly, traces of C0CI2 and NiCl2. 
Boil until HgS removed (test with lead 
acetate paper), cool, add excess of NaOH 
solution, followed by 1 ml. of 3% H2O2 
solution. Boil for 3 minutes. Filter. 

Residue. Largely 
MnOgjOJHgO and per- 
haps traces of Ni(OH)2 
andCo(OH)8(l). Dis- 
solve the ppt. in 6 ml. 
of dilute HNOs (1 ^ 1) 
with the addition of a 
a few drops of 3% HgOg 
solution, if necessary (2). 
Boil to decompose ex- 
cess of H2O2 and cool. 
Add 0-05 gram of 
sodium bismuthate, stir 
and allow to settle, 
Purple solution of 
BnMn 04 . 

Mn present. 

Filtrate. May 
contain Na2[ZnO 2]. 
Divide into two 
parts. 

(1) Acidify with 
acetic acid and 
pass HgS. White 
ppt. of ZnS. 

Zn present. 

(ii) Just acidify 
with dilute H2SO4, 
add 0*5 ml. of 

0 *1 % c o b alt 
acetate solution 
and 0*5 ml, of 
the ammonium 
mercuri -thio- 
cyanate reagent : 
.stir, 

Pale blue ppt. 

Zn present. 


Notes. (1) The Mn may be separated, if desired, from any Co 
or Ni by reprecipitating as Mn02 in ammoniacal solution. To 
the nitric acid solution {MhOg + 2HNO3 + HgOg = Mn(N03)3 + 





■525 


13] Systematic Qualitative Inorganic Analysis 

O2 + 2H2O}, add 5 ml. of NH4CI solution and about 5 ml. excess 
of dilute aqueous NHg. Then add 1 gram of solid K2S2O8, boil for 
30 seconds, filter and wash. The Co and Ni remain in solution as 
[Co(NH 3)6]++'^ and [Ni(NH3)6]++ The Mn02 may be filtered off, 
dissolved in HNO3 + H2O2, etc. This separation is not essential. 

(2) Any Ni(OH)2 and Co(OH)3 present will dissolve in the 
HNOs + H2O2 to form M(N03)2 and 00(^03)2 respectively. They 
dissolve less readily than Mn02, so that if any difficulty is ex- 
perienced in effecting complete solution of the precipitate, the 
undissolved solid may be discarded and the clear solution used to 
test for Mn. 

Explanation {Table VIII) 

The separation of NiS, CoS, MnS and ZnS, which may be 
contained in the precipitate, is based upon the following facts : 

(1) MnS and ZnS dissolve readily in cold, very dilute {ca. N) 
HCl, whilst NiS and CoS dissolve only slightly during the short 
period (2-3 minutes) that the sulphides are in contact with the 
acid. 

MnS + 2HC1 = MnClg + HgS 
ZnS + 2HC1 = ZnClg + HgS 

The presence of small amounts of M++ and Co + + ions in the 
filtrate (containing Mn++ and Zn++ ions) causes no serious 
interference in the subsequent tests. 

(2) The detection of Co and of Ni in a mixture of CoS and 
NiS is carried out upon separate portions of the solution pre- 
pared by dissolving the sulphides in aqua regia or in a mixture 
of NaOCl solution and dilute HCl: 

3CoS + 2HNO3 + 6HC1 = 3C0CI2 + 2NO + 3S + 4H2O; 

S + 6HNO3 = H2SO4 + 6NO2 + 2H2O 

The tests employed are highly sensitive; moderate quantities 
of other elements do not interfere and separation is therefore 
unnecessary. 

The NH4SCN test for Co depends upon the formation of the 
blue ammonium cobaltothiocyanate (NH4)2[Co(SCN)4] or of 
the free acid H2[Co(SCN)4] (in the presence of HCl), which 
dissolve and are comparatively stable in amyl alcohol. The 
disturbing effect of iron (due to the red [Fe(SCN)]++), maybe 
eliminated by the addition of a soluble fluoride when the 
complex and highly stable ferrifluoride ion [FeFg] is 
formed (Section III, 24j reaction d). 


::r 
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The dimethylglyoxime test III, 25, reaotioii 

8 ) is applicable in the presence of Co provided excess of the 
reagent is added. 

(3) The solution containing MnCl2 and ZnCl2 and possibly 
traces of CoCi2 and NiCl2 is boiled to remove H2S, and then 
warmed with a little H2O2 solution to oxidise the O0++ to 
Qo+++ and the Mn++ to Mn++++: Co(0H)2 is slightly soluble 
but Co{OB[) 3 is insoluble in excess of NaOH solution. Upon 
adding excess of NaOH solution, the Zn(OH)2 precipitated 
initially will dissolve to form sodium zinoate lsra2[Zn02], 
whilst Mn02,£rfl20 and traces of Ni(0H)2 and Co(OH)3 will 
be precipitated. 

The Mn is readily identified in the precipitate by dissolving 
it in dilute HNO3 and a little H2O2 and applying the sodium 
bismuthate test (see Explanation to Table VII). 

The Zn may be identified as white ZnS by passing H2S into 
the NaOH extract as such or acidified with acetic acid: 

NagZnOg + HgS = 2NaOH + ZnS 

A characteristic test for Zn is the mercuri-thiocyanate reaction 
with a small amount of Co(N03)2 solution and the ammonium 
mercuri-thiocyanate reagent. A pale blue precipitate is formed 
(which may be readily detected by shaking with a little amyl 
alcohol). This is due to coprecipitation of the cobalt complex 
with that of zinc (Section III, 27, reaction 9 ) : 

Zn++ + Co++ + 2[Hg(SCN)4r'“ ^ Zn[Hg(SCN)J + Co[Hg(SCN)4] 

Zinc ions, if present alone, give a white precipitate. With 
traces of copper salts, a blue-violet precipitate forms. 
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VII, 13. Table VIIIA.— Analysis of Group IIIB (Zinc 

Group) 

Method B 

The ppt. may contain CoS, MS, MnS and ZnS. Wash well with 1% 
NH4C! solution to which 1% by volume of yellow ammonium sulphide 
solution has been added; reject the washings. Transfer the ppt. to a 
porcelain basin, add 5 ml. of water and 5 li, of concentrated HCl and 
stir for 2-3 minutes. If a black residue is obtained, the presence of MS 
and CoS is indicated: if complete solution takes place, only small amounts 
of M and Co are likely to be present. Evaporate the mixture to 2-3 ml. 
in the FUMM CUPBOABD, add 4 ml. of concentrated HNO3 (1) and 
concentrate to 2-3 ml. If the solution is not clear, dilute with 8-10 ml. 
of water, filter off the sulphur and return the filtrate to the porcelain basin 
in the fume cupboard. Boil down to 1—2 ml., taking great care not to 
evaporate to dryness. Add 5 ml. of concentrated IlSfOa and evaporate 
again to 1-2 ml. (2). 

Bemove about 0*2 ml. of the solution with the aid of a dropper to a 
small test-tube, add 5 ml. of dilute HNO3 and then 0*1 gram of sodium 
bismuthate : stir and allow to stand. A purple coloration, due to HMnO*, 
indicates Mn present. If Mh is present, treat the remainder of the 
solution in the porcelain basin in accordance with the procedure com- 
mencing at (A): if Mn is absent, continue the analysis from (B) onwards. 

(A) Add 10-15 ml. of concentrated HNOg, and heat just to boiling in 
the fume cupboard. By means of a spatula (preferably of glass), add 
finely-powdered KCIO3 in d*i gram poriiom l&MMAT GABB: DANQBB 
OF EXPLOSION (3)]; after each addition boil gently until the greenish- 
yellow vapours of chlorine dioxide are expelled. Continue the addition 
of 0*1 gram portions, boiling gently after each addition, until 1*5 grams 
have been added. A brown or black ppt. of hydrated MnOg will form. 
Dilute with 3 ml. of water. Filter the ppt. through a small sintered glass 
funnel or crucible, and wash the ppt. with 2-3 ml. of water. 


Residue. 

MnOajirHgO. 

Filtrate. Evaporate in a porcelain basin [FUME 
CUPBOABD] to 2-3 ml. Allow to cool. 

(J5) Dilute with 5 ml. of water. Add excess of HaOS 
solution and 1 ml. of 3% HgOg solution (4). Boil for 

3 minutes and filter. 


Residue. May contain M(OH)2 
and Co(OH) 3. 

Dissolve the ppt. in dilute HCl, 
and test for Co and M as detailed 
in Table Tin. 

Filtrate. May 
contain MagZnOa. 

Test for Zn as 
detailed in Table 
VIII, 


Notes. (1) The precipitate is first treated with dilute HCl alone, 
partly to indicate the presence of Ni and Co in quantity but also 
because much free sulphur and sulphate would be formed if an 
oxidising agent were used with the HCl at this stage. 

( 2 ) The repeated evaporation with concentrated HNO3 completely 
removes chloride ion, which interferes with the subsequent precipi- 
tation of MnOg. 

( 3 ) The action of KCIO3 in concentrated HNO3 is rapid and 
vigorous, and one of the decomposition products is the explosive, 
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greenish-yellow gas CIO2. If the chlorate is added in small quan- 
tities as instructed and the solution is boiled gently between each 
addition to prevent the accumulation of CIO2, the procedure is 
reasonably safe and the only evidence of explosion will be a gentle 
puff of gas. Under no circumstances may more than 0*1 gram of 
KGIO3 be added at one time. 

(4) The H2O2 solution is added to ensure the complete precipita- 
tion of cobalt as cobaltic hydroxide Co{OH)3, since cobaltous 
hydroxide is slightly soluble in excess of NaOH solution. 


Explanation {Table VII I A) 

The salient facts in the separation of the elements in Group 
IIIBare: 

(1) The addition of dilute HCl to the group precipitate will 
serve to indicate the presence of Co and Ni in quantity since 
CoS and MS do not dissolve appreciably in the cold. 

(2) Boiling of the undissolved sulphides with HCl in the 
presence of concentrated HNO3 or with concentrated HNO3 
alone results in the solution of the sulphides and the separation 
of sulphur: 

3CoS + 2HNO3 + 6HC1 = 3C0OI2 + 2NO + 3S + 4H2O 

or 3CoS + SHISrOs = SCoCNOglg + 2NO + 3S + 4H2O 

If the action of concentrated HNO3 is continued, the S will 
gradually pass into solution as H2SO4. 

(3) The Mn is first precipitated from a concentrated HNO3 
solution by means of KGIO3 : 

Mn(N 03)2 + 2Ka03 = MnOg + 2KNO3 + 2CIO2 

(4) In the subsequent separation of Ni, Co and Zn, the 
addition of excess of NaOH solution will yield a precipitate of 
cobaltous and nickelous hydroxides and a solution of sodium 
zincate: 

Zn(N 03)2 + ^NaOH ^ NagZnOg + 2 NalSr 03 + 2 H 2 O 

Cobaltous hydroxide is sBghtly soluble in alkali hydroxide 
solution. The addition of a peroxide (or of bromine water) 
oxidises it to cobaltic hydroxide, which is precipitated quanti- 
tatively: 

2Co(OH)2 + H 2 O 2 = 2Co(OH)3 
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VII, 14. Table IX. — ^Analysis of Group IV (Calcium Group) 

Method A 


The ppt. may contain BaCO^, SrCOs and CaCOg. Washi with a little 
hot water and reject the wasMngs. Dissolve the ppt. in 5 ml. of hot 
acetic acid by pouring the acid repeatedly through the filter paper. 
Test 1 ml. for barium by adding K2Cr04 solution dropwise to the nearly 
boiling solution. A yeUow ppt. indicates Ba. 

Ba present. Heat the remainder of the solution almost to boiling 
and add a slight excess of KgCrOi solution (i.e. until the solution assumes 
a yellow colour and precipitation is complete). Filter and wash the ppt. 
((7) with a little hot water. Render the hot filtrate and washings basic 
with NHs solution and add an excess of (NH4)2C03 solution or, better, a 
little solid HaaCOs. A white ppt.. indicates the presence of SrCOg and/or 
CaCOg. Wash the ppt. with hot water, and dissolve it in 4 mi. of warm 
22^ acetic acid: boil to remove excess of COg (solution A). 

Ba absent. Discard the portion used in testing for barium, and employ 
the remainder of the solution (B), after boiling for 1 minute to expel CO 2, 
to test for strontium and calcium. 


Residue (<7). 
Yellow: BaCrO^. 

Wash well with 
hot water. Dis- 
solve the ppt. in 
a little concentra- 
ted HCl, evaporate 
almost to dryness 
and apply the 
flame test. 

Green (or yel- 
lowish-green) 


Solution A or Solution B, The volume should 
be about 4 ml. 

Either — ^To 2 ml. of the cold solution, add 2 ml. of 
saturated (1^14)2804 solution, followed by 0*2 gram 
of sodium thiosulphate, heat in a beaker of boiling 
water for 6 minutes and allow to stand for 1-2 
minutes. Filter. 

Or— To 2 ml. of the solution add 2 ml. of triethanol- 
amine, 2 ml. of saturated (1^4)2804 solution, heat on 
a boiling water bath with continuous stirring for 5 
minutes and allow to stand for 1-2 minutes. Dilute 
with an equal volume of water and filter. 


flame. 

Ba present. 
(Use spectro- 
scope, if available.) 


Residue. Largely 
8rS04. Wash with a 
little water. Transfer 
ppt. and filter paper to a 
small crucible, heat until 
ppt. has charred (or bum 
filter paper and ppt., held 
in a Ft wire, over a cru- 
cible), moisten ash with a 
few drops of concentrated 
HCl and apply the flame 
test. ' - 

Crimson flame. 

Sr present. 

(Use spectroscope, if 
available.) 


Filtrate. May con- 
tain Ca complex. 

(If Sr is absent, use 2 
ml. of solution A or B.) 
Add a little (^4)20304 
solution* and warm on a 
water bath. 

White ppt, of CaC204. 

Ca present.t 
Confirm by flame test 
on ppt.— brick-red flame. 

(Use spectroscope, if 
available.) 


* When triethanolamine has been used in the separation, acidification with 
dilute acetic acid may assist the precipitation of the CaC204. 

t The following is an alternative test for Ca. Place a <£rop or two of the 
filtrate upon a glass slide, add a drop or two of dilute H2SO4, and concentrate 
by placing the slide on a small crucible and warming until crystallisation just 
commences. Examine the crystals in a microscope (magnification: ca. 100 x ). 
Bundles of needles or elongated prisma. Ga present. 
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Explanation (TaUe JX) 

The reasons for eTaporating the filtrate from Group IIIB to dry- 
ness, eliminating ammonium salts and then dissolving the residue 
in dilute HCl before precipitating with excess of (NH4)2G03 in the 
presence of a little NH4CI and aqueous NHg, have been given in 
detail at the end of Section HI, 31 . Essentially, the ion 

concentration is reduced by the high concentration of ]SfH4'^ ions 
present in the solution so that, unless the latter are removed, pre- 
cipitation of BaCOg, SrCOg and CaCOs is incomplete: 

COa'- + ^ ISnEg -h KOOf 

Magnesium is not precipitated either as Mg(OH)2 (S.P, 34 X 10 -il) 
or as MgCOg (S.R TO x lO-^) since both the concentration of 
OH"’ ions in the presence of NH4CI and the concentration of 
CO3 ■ ions are such that the solubility products of the respective 
magnesium compounds are not exceeded. The solubility products 
of the carbonates constituting Group IV are: BaCOs, 8*1 x 10 "“^; 
SrCOs, 1*6 X lO-®; and CaCOg, 4*8 x 

The precipitated carbonates are dissolved in dilute acetic 
acid forming solutions of the acetates : 

BaC03 “h 2H . C2H3O2 = ®a(C2H302)2 “T GO2 “h HgjO 

The procedure described for separating the three elements 
utilises the following facts : 

(1) BaCr04 (S.P. 1*6 x is almost insoluble in dilute 

acetic acid, whilst SrCr04 (S.P. 3*6 x 10'“^) and CaCr04 (S.P. 
2*3 X 10-2) are soluble and are therefore not precipitated in a 
dilute acetic acid medium. 

K. 2 Cr 04 4“ Ba(C2H302)2 ~ BaCr 04 4“ 2I^.C2H302 
The function of the acetic acid is to convert some of the 
Cr04 ions into Cr207 ions, thus lowering the Cr04”'" ion 
concentration so that the solubility products of SrCr04 and 
CaO04 are not attained and in consequence they remain in 
solution: 

2OO4-" + 2H+ ^ 2HCr04" ^ - + HgO 

It will be realised that in the presence of a large ion con- 
centration (as distinct from the limited one due to the weak 
acetic acid), the [Cr04 ] may be such that the S.P. of BaCr04 

is not reached and under such conditions BaCr04 will not be 
precipitated: this accounts for the solubility of this salt in 
dilute rhineral acids. 

( 2 ) Upon adding saturated (NH4)2S04 solution and warming, 
SrS04 is largely precipitated upon standing: the addition of 
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some Na^S^Oa increases the solubility of CaS04 and this 
reduces the amount of coprecipitation with SrS04. The forma- 
tion of a soluble complex salt, such as (NH4)2[Ca(S04)2], has 
been suggested to account for the failure of CaS04 f ^ precipitate 
in appreciable quantity with (^114)2804 solution. 

In the alternative procedure, using triethanolamine 
Kr(02H40H)3 and saturated (NH4)2S04 solution, it is probable 
that a calcium triethanolamine complex ion is formed and, in 
consequence, very little CaS04 is precipitated: however, the 
concentration of Ca++ ions due to the dissociation of the 
complex ion is such that the solubility product of CaC2G4 
(2-6 X 10 “9) is exceeded upon adding (NH4)2C204 solution. 

SrS04 does not give a flame coloration easily ; it is therefore 
partially reduced to SrS by the carbon of the filter paper. 
Treatment of the residue containing SrS with HCl gives the 
relatively volatile SrCl2. 

(3) Calcium is readily identified by precipitation as CaC204, 
followed by the flame test (best observed through a spectro- 
scope). It may also be converted into CaS04,2H20, and the 
characteristic crystals examined in a microscope — magnifica- 
tion of about 100 diameters. 

Explanation {Table IX A) 

The barium is separated as BaCr04 as in Table IX, and the 
strontium and barium are precipitated as carbonates by 
(NH4)2C03 solution in the presence of a little aqueous ammonia. 
It is better to employ Xa2C03 to precipitate the carbonates; 
the influence of ammonium salts in tending to reduce the car- 
bonate ion concentration is thus eliminated: 

The mixture of SrG03 and CaC03 is treated cautiously with 
83 per cent HNO3; the carbonates are thus converted into the 
nitrates. Sr{N03)2 is insoluble in the medium whilst the 
Ca(X03)2 dissolves. The Sr(N03)2 is collected by filtration 
through a sintered glass crucible or funnel: the presence of Sr 
is confirmed by the flame test, preferably with the aid of a 
hand spectroscope. 

Upon gentle evaporation of the filtrate to remove HXO3, 
the Ca(N03)2 is obtained. The latter is dissolved in water, 
rendered ammoniacal and then faintly acid with dilute acetic 
acid, and (lsrH4)2C204 solution added whereupon CaC204 is 
precipitated; the flame test may be applied to the CaC204 
precipitate. Alternatively, the calcium may be converted into 
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VII, 14. Table IXA.— Analysis of Group IV (Calcium Group) 

Method B 


The ppt, may contain BaCO 3 , SrCOs and CaCOg. Wash with a little 
hot water and reject the washings. Dissolve the ppt. in 5 ml. of hot 
%N acetic acid by pouring the acid repeatedly through the filter paper. 
Test 1 mi. for barium by adding K 2 Cr 04 solution drop wise to the nearly 
boiling solution. A yellow ppt. indicates the presence of Ba. 

Ba present. Heat the remainder of the solution almost to boiling 
and add a slight excess of K 2 Cr 04 solution (f.e. until precipitation is 
complete and the solution assumes a yellow colour). Filter and wash 
the ppt. {C) with a little hot water. Combine the filtrate and washings 
(solution A). 

Ba absent. Discard the portion used in testing for barium, and 
employ the remainder of the solution (B), after boiling for 1 minute to 
expel CO 2 to test for strontium and barium. 

Residue {€). 
Yellow :BaCr 04 . 

Wash well 
with hot water. 
Dissolve the 
ppt. in a little 
concentrated 
HCl, evaporate 
almost to dry- 
ness and apply 
the flame test. 
Green (or 
yellowish-green) 
flame. 

Ba present. 

(Use spectro- 
scope, if avail- 
able.) 

Solution A or Solution B. Render alkaline with 
HH 3 solution, and add a slight excess of (NH 4 ) 2 C 03 
solution or, better, a little solid NagCOg. Place the 
test-tube in a boiling water bath for 5 minutes. A 
white ppt. indicates the presence of SrCGg and/or 
CaCOg. Filter and wash the precipitated carbonates 
with hot water until the washings are colourless: dis- 
card the washings. Drain the liquid from the ppt, as 
completely as possible. Transfer the ppt. to a small 
beaker, add cautiously 15-20 ml. of 83% HNO 3 ,* stir 
for 3-4 minutes with a glass rod and filter through a 
sintered glass crucible. 

Residue. 

White: 

Sr(N03)3. 

Sr present. 

Confirm by 
flame test : 
crimson flame. 

(Use spec- 
troscope, if 
available.) 

Filtrate. May contain Ca(N 03 ) 2 . 
Transfer most of the liquid to a por- 
celain basin and evaporate almoat to 
dryness {FUME OUPBOABU], Dis- 
solve the residue in 2 ml. of water 
(solution D), render alkaline -with NHg 
solution, then acid with dilute acetic 
acid, add excess of (NH 4 ) 2 C 204 solution 
and warm on a water bath. 

White ppt. of CaC 204 , 

Ga present. 

Filter off the ppt. and apply the 
flame test: brick-red flame. 

(Use spectroscope, if available.) 

AUernaUvely — ^Place a drop or two 
of solution D on a glass slide, and add 
a drop or two of dilute H 2 SO 4 . Con- 
centrate by placing the slide on a small 
crucible and warm until crystallisation 
just commences. Examine the crystals 
in a microscope (magnification, ca, 
lOOx). 

Bimdles of needles or elongated 
prisms. 

Ga present. 


* The 83 per cent HNO 3 (in which is insoluble) is prepared by 

adding 100 grams (68'0 ml.) of concentrated BCNOa (sp. gr. 1*42: ca. 70 per 
cent) to 100 grams (66»2 nd.) of fiuning (sp. gr. 1*5: cu. 95 per cent). 
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the sulphate CaS04,2H20, and the latter identified under the 
microscope. 

The nitric acid procedure gives an excellent separation of 
strontium from calcium. 

VII, 15. Table X. — ^Analysis of Group V (Alkali Group) 

Treat the dry residue from Group IV with 4 ml. of water, stir, warm 
for 1 minute and filter.^ 

Residue. Dissolve in a few drops of Filtrate, Divide into two 
dilute HCi and add 2-3 ml. of water, parts (a) and (6). 

Divide the solution into two unequal (a) Add a little uranyl mag- 
parts. nesium acetate reagent, shake 

(i) Larger portion* : Treat 1 ml. of and allow to stand for a few 
2% oxine solution in 2N acetic acid minutes. 

with 4 ml. of 2‘5iV ammonia solution Yellow crystalline ppt. 
and, if necessary, warm to dissolve any Na present, 

precipitated oxine. Add a little NH4CI Confirm by flame test : per- 
solution to the test solution, followed sistent yellow flame, 
by the ammoniacal oxine reagent, and (6) Add a little sodium cobalti- 
heat to the boiling point for 1-2 minutes nitrite solution (or ca. 4 mg. of 
(the odour of NH3 should be discern- the solid) and a few drops of 
ible). dilute acetic acid. Stir and, if 

Dale yellow ppt. of Mg “ oxinate. ” necessary, allow to stand for 1-2 
Mg present. minutes. 

(ii) Smaller portion: To 3-4 drops. Yellow ppt. of K3[Co(NO gig], 

add 2 drops of the “magneson” re- K present. 

agent, followed by several drops of Confirm by flame test and 
NaOH solution until alkaline. A blue view through two thicknesses of 
ppt. confirms Mg. cobalt glassf : red coloration 

(usually transient). 

Examination for ammonium. This has already been carried out 
with the original substance in the preliminary tests (Section VII, 2. test (v)). 

Explanation {Table X) 

The filtrate from Group TV may contain Mg, Na, K and 
ammonium salts. It is evaporated to dryness and heated until 
all the ammonium salts have been volatilised: a residue is 
indicative of the presence of one or more of these metals. The 

* If it is desired to carry out the less satisfactory Na2HP04 test for com- 
parison with the oxine test for Mg, treat the acid solution with a little NH4CI, 
followed by dilute NH3 solution until basic and Ka2HP04 solution. Shake 
and stir vigorously, A white crystalline ppt. of Mg(OT[4)P04,6H2G indicates 
Mg. This ppt. sometimes separates slowly. Dissolve the ppt. in a little 
dilute HCI and apply the “magneson’* test. A blue ppt. confirms Mg. 

f It is advisable to test the cobalt glass with a potassium salt to be certain 
that the glass is satisfactory; some samples of cobalt glass completely absorb 
the red lines due to potassium. It is recommended that a hand spectroscope 
be used, if available. 

j If the residue dissolves completely (or almost completely) in water, dilute 
the resulting solution (after filtration, if necessary) to about 6 ml. and divide 
it into three approximately equal parts — ■ (i) Use the major portion to test for 
Mg with the prepared “oxine” solution: confirm Mg by applying the “mag- 
neson” test to 3-4 drops of the solution; (ii) and (iii) Test for Na and K re- 
spectively, as described in the Table.^^ ^ ^ 
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dry residue is extracted with water to separate the soluble Na 
aad K salts and filtered: the residue (i?) is tested for Mg and 
the filtrate (iS) is examined for Na and K. 

Magnesium. The residue {R) is dissolved in dilute HCl 
and the larger portion of the resulting solution is tested for 
Mg with the oxine reagent (Section III, 33, reaction 7): the 
smaller portion is subjected to the ''magneson” test (Section 
III, 33, reaction 8) when a blue precipitate should be obtained. 

The precipitation of Mg as Mg(NH 4 )P 04 , 6 H 20 by the addi- 
tion of a little NH 4 CI and excess of Na 2 HP 04 to the ammoniacal 
solution (Section III, 33, reaction 5) is sometimes rather slow; 
also traces of Group IV metals tend to interfere. For these 
reasons the oxine and ‘^magneson^* tests are preferred. 

Potassium. The precipitation of the yellow potassium 
cobaltinitrite with Na 3 [Co(N 02 ) 6 l (Section III, 34, reaction 1) 
and the flame test (best observed through a spectroscope) are 
characteristic. 

Sodium. The most satisfactory precipitation for sodium 
ions is that with uranyl magnesium or zinc acetate (Section 
III, 35, reactions 1 and 5). The flame test, in which an intense, 
'persistent yellow coloration is produced, is characteristic, 
Traces of sodium may be introduced from the reagents during 
the analysis, and hence it is important to look for a strong 
persistent yellow coloration; a feeble yellow coloration may be 
ignored. 

Ammonium was tested for in preliminary test (v) (Section 
VII, 2). By heating the original substance with NaOH solu- 
tion, NH 3 will be evolved from ammonium salts. The NH 3 
gas may be identified by its odour, by its action upon red litmus 
paper or upon filter paper moistened with mercurous nitrate 
solution, or by the tannic acid~silver nitrate test (Section III, 
36, reaction 7). The insertion of a plug of cotton wool in 
the upper part of the tube will eliminate the danger of NaOH 
solution spray affecting the reagent paper. 

VII, 16. EXAMINATION FOR ACID RADICALS 
(ANIONS) IN SOLUTION 

The preliminary dry tests with dilute sulphuric acid and 
with concentrated sulphuric acid {Section VII, 3, tests (vi) and 
(vii)} will have provided useful information as to many acid 
radicals present. Furthermore, in the course of the examina- 
tion for metal ions (cations) in solution, the presence inter alia 
of the following acid radicals will have been indicated (the first 
three upon treatment with hydrogen sulphide in acid solution) : 
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Chromate {oi dichromate) — ^reddish-yellow solution becoming 
green and depositing white or yellowish-white sulphur ; 

Permanganate — solution becoming nearly colourless 
and depositing sulphur; 

yellow precipitate of arsenious sulphide slowly 
formed in hot solution {see Note 4 to Table I (Section VII, 6)}; 

Silicate— insolubh residue of silica after evaporating filtrate 
from Group II to dryness (during elimination of interfering 
anions prior to precipitation of Group IIIA); and 

Phosphate — ^tested for with nitric acid and ammonium molyb- 
date solution before precipitating Group IIIA. 

For the examination of acid radicals or anions, it is necessary 
to obtain a solution containing all (or most) of the anions free, 
as far as possible, from heavy metals. This is best prepared by 
boiling the substance with concentrated sodium carbonate solu- 
tion; double decomposition occurs (either partially or com- 
pletely) with the production of the insoluble carbonates**' of 
the metals (other than alkali metals) and the soluble sodium 
salts of the anions, which pass into solution. Thus, if the 
unknown substance is the salt of a bivalent metal M and an 
acid HA, the following reaction will occur: 

MAg + NaaCOg ^ MCOg + 2NaA 

The carbonate MCO3 insoluble and the sodium salt NaA 
will pass into solution whether MA2 is soluble in water or not. 

Preparation of solution for testing for anions. Boil 
1*0 gram of the finely divided substance or mixture (1) with a 
saturated solution of pure sodium carbonate (ca. 1*5 Jf) (2) 
(prepared from 4 grams of anhydrous sodium carbonate and 
26 ml. of distilled water) for 10 minutes, or until no further 
action appears to be taking place (3), in a small conical flask 
with a small funnel in the mouth to reduce the loss by evapora- 
tion; alternatively, a reflux condenser may be employed. 
Filter (4), wash the residue with hot distilled water and collect 
the washings together with the main filtrate; the total volume 
should be 30-35 ml. Keep the residue (6). The sodium car- 
bonate extract will be called the “Na2C03 prepared solution. ” 

Notes. (1) If a solution is supplied for analysis, use sufficient to 
contain 1-0 gram of solid mater ialj render it strongly alkaline with 
saturated sodium carbonate solution and evaporate it down to 10-15 ml. 

(2) It is essential to use pure sodium carbonate; the A.R. product 
is satisfactory. Some “pure” samples may contain traces of sulphate 

* Certain carbonates, initially formed, are converted into insoluble basic 

carbonates or into hydroxides. 
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or chloride : the absence of these impurities should be confirmed by a 
blank experiment/ 

(3) If ammonium is present, ammonia will be evolved (indicated by 
the smell above the solution), continue boiling until ammonia is com- 
pletely expelled, otherwise those basic elements which form ammonia 
complexes may pass into the sodium carbonate extract. 

(4) If no precipitate is obtained, the substance is largely free from 
heavy metals, and the sodium carbonate treatment may be omitted if 
more of the solution is required. Certain amphoteric elements may, 
however, be present in the sodium carbonate solution, e.y. Cu, Sn, Sb, 
As, Al, Cr and Mn, dissolve in appreciable quantities ; manganates, per- 
manganates and chromates may also be present so that the colour of 
the solution should be noted. If cyanide is present, certain cations, 
such as Ag, Hg, Fe, Ni and Co, may pass into the alkaline extract by 
virtue of the formation of complex cyanides (anions). 

(6) The residue {R) from the NagCOs treatment may contain, in 
addition to the carbonates, basic carbonates and hydroxides of the 
heavy metals, certain phosphates {e,g, those of Pb, Ag, Cd, Cr, Mo, Mn, 
Zn, Ca and Mg, which are less than 60 per cent transposed), arsenates, 
sulphides, fluorides, silicates and complex cyanides, and the halides of 
silver. This may be due in the case of products produced by high- 
temperature processes or of certain natural products to the slow rate 
of reaction with the alkali carbonate or it may be due to the fact that 
the solubilities are such that very little metathesis can take place. 
Hence the residue should be kept until the tests for anions have been 
completed, and then tested for the above anions if they are not foxmd 
in the alkaline extract or in the preliminary tests: the original substance 
can, of course, be employed for these tests. After extraction of the 
sodium carbonate residue with dilute hydrochloric acid, the undissolved 
portion (B) may be treated as an insoluble substance and investigated 
according to Section VII, 20. It is generally more convenient, how- 
ever, to test the residue (R) for the various anions as follows. 

Phosphate and arsenate. If the “ NagCO 3 prepared solution,” when 
acidified with dilute nitric acid, boiled for 1 minute and rendered 
alkaline with ammonia solution, does not give a precipitate with the 
magnesium nitrate reagent or with magnesia mixture, phosphate and 
arsenate are absent. Heat a small portion of the residue with con- 
centrated nitric acid; if brown fumes are evolved, indicating the pre- 
sence of a reducing agent, add more concentrated nitric acid and 
continue the heating until all the reducing agent is oxidised. Dilute 
the solution with water, heat to boiling and filter. Bender the filtrate 
alkaline with concentrated ammonia solution, and add the magnesium 
nitrate reagent or magnesia mixture. A white precipitate indicates 
arsmate and! or phosph^. Separate as described in Section IV, 45, 
Hand 12, 

Sulphide. Reduce a portion of the residue with zinc and dilute 
sulphuric acid. If hydrogen sxalphide is evolved (lead acetate paper 
test), sulphide is present. It is preferable to employ the sodium car- 
bonate residue (B) rather than the original mixture in testing for 
sulphide, for the latter may contain sulphite and thiocyanate, both 
of which give hydrogen sulphide with nascent hydrogen (compare 
Section, IV, 4, reaction ^ and Section IV, 10, reaction 5), 
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Cyanide. If this is siispeoted, hydrogen cyanide will be evolved in 
the reduction with zinc and sulphuric acid, particularly on wanning. 
Identify the hydrogen cyanide by the ammonium sulphide test 
(Section IV, 8, reaction 1). It will also be identified in the preliminary 
test with dilute sulphuric acid {Section VII, 3, test (vi)}. 

Halides of silver. Treat a portion of the residue (i?) with zinc and 
dilute sulphuric acid (the solution remaining after testing for sidphide 
may be used) : 

2AgCl + Zn = 2Ag + Zn + + 4-201 

Filter to remove the excess of zinc and the precipitated silver, boil the 
solution to remove all the hydrogen sulphide (if sulphide is present), 
and test the solution for 01“, Br” and 1“ as detailed in Section IV, 45. 

Fluoride. A portion of the dried residue (or of the original mixture) 
may be decomposed with concentrated sulphuric acid. Heat in a lead 
capsule or crucible with concentrated sulphixric acid and apply the 
etching test (Section IV, 17, reaction 2). Alternatively, the “water” 
test (Section VII, 16, reaction 5) may be used. 

Use the ''Na2C03 prepared solution” to carry out the 
following tests. 

1. Sulphate test. To 2 ml. of the ‘‘Na2C03 prepared 
solution” add dilute hydrochloric acid until acid (test with 
litmus paper) and then add 1-2 ml. in excess. Boil for 1-2 
minutes to expel carbon dioxide completely, and then add 
about 1 ml. of barium chloride solution. A white precipitate 
indicates sulphate. Confirm by the charcoal test (Section IV, 
24, reaction 1), 

Silicofluorides also give a white precipitate under the above 
conditions, but are of comparatively rare occurrence. They 
can be readily distinguished from sulphates by the action of 
concentrated sulphuric acid (Section IV, 27, reaction 1) and, of 
course, by the charcoal test. 

2. Test for reducing Potassium permanganate 

test. Acidify 2 ml. of the ''Na2C03 prepared solution” with 
dilute sulphuric acid and add 1 ml. of dilute sulphuric acid in 
excess. Add 0*5 ml. of 0*02iV' potassium permanganate solu- 
tion (prepared by diluting 1 ml. of 0*1V ELMn04 to 5 ml.) from 
a dropper. Bleaching of the permanganate solution indicates 
the presence of one or more of the followm^ reducing anions: 
sulphite, thiosulphate, sulphide, nitrite, cyanide, thiocyanate, 
bromide, iodide, arsenite and f errocyanide. If the permanganate 
is not decolourised, heat and observe the result. If the reagent 
is bleached only on heating, the presence of oxalate, formate or 
tartrate is mdicated. A negative test points to the absence of 
the above anions with the exception of cyanide, which, if 
present in low concentration, may not act upon the perman- 
ganate solution. 
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3. Test for oxidising agents.^ — 

test This test depends upon the fact that a saturated solution 
of manganons chloride (MnCl2,4H20) in concentrated hydro- 
chloric acid is converted by even mild oxidising agents to a 
dark brown-coloured manganic salt, probably containing the 
complex [MnCy or [MnCy”^ ions. 

To 2 ml. of the ''Na 2 C 03 prepared solution’’ add 1 ml. of 
concentrated hydrochloric acid and 2 ml. of the manganous 
chloride reagent. A brown (or black) coloration indicates the 
presence oi nitrate, nitrite, ferricyanide, chlorate, bromate, iodate, 
chromate or permanganate, A negative test indicates the 
absence of the above oxidising agents except small amounts of 
nitrates and nitrites and of arsenate; if reducing anions have 
been found, this test is inconclusive. 

4. Tests with silver nitrate solution. The separation of 
a comparatively large number of anions from the '‘Na 2 C 03 
prepared solution” into several groups is possible with this 
reagent. 

The presence of thiosulphate, sulphide, cyanide, sulphite, ferro- 
and ferri-cyanide, however, introduces difficulties in the subsequent 
separations, hence these anions must be tested for first and, if 
present, removed. 

Thiosulphate will be detected in the preliminary test with dilute 
sulphuric acid: if it is found, it should be eliminated by heating the 
original mixture with dilute sulphuric acid until no more sulphur di- 
oxide is evolved, evaporating the residual mixture just to drjmess and 
then heating with 1 'SAf sodium carbonate solution, etc. The occurrence 
of thiosulphates in mixtures is comparatively rare and hence this special 
treatment prior to making the “NaaGOa prepared solution ” is rarely 
necessary. The interference of the S2O3 ion with the silver nitrate 
reaction may arise from (i) the formation of a precipitate of sulphur 
upon acidification, (ii) the formation of white silver thiosulphate 
AggSgOg which rapidly passes into the black silver sulphide AggS, 
thxxs giving a false test for S^*_ion, and (iii) under certain circmnstances 
it will convert CN~ into SCH^ and Fe + + + into Fe + +. 

Sulphide. This may have been detected in the preliminary test 
with dilute sulphuric acid. Sulphide can he readily found by adding 
a Kttle lead nitrate solution to 0*5 ml. of the “Na 2 C 03 prepared 
solution,” when a black precipitate of lead sulphide is produced. 

Cyanide. This should have been detected and conffimed in the 
preliminary test with dilute sulphuric acid (Prussian blue test or as 
Section IV, 8, reaction 1). 

Sulphite. This anion will have been detected in the preliminary 
test with dilute sulphuric acid (potassium dichromate paper or 
fuchsin solution test). 
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Ferrocyanide (and Thiocyanate). Acidify 1 mi. of the 
“Na 2003 prepared solution” with dilute hydrochloric acid and add 
a few drops of ferric chloride solution. A deep blue precipitate 
indicates ferrocyanide present Now add 0*5-1 ml. of ferric chloride 
solution, 0*2 gram of sodium chloride and half a Whatman filtration 
accelerator, shake the mixture vigorously and filter. A deep red 
fiiltrate indicates thiocyanate present 

Ferricyanide. Acidify 1 ml. of the ‘'Na 2 C 03 prepared solution” 
with dilute hydrochloric acid and add a few drops of freshly prepared 
ferrous sulphate solution. A deep blue precipitate indicates /em- 
cyanide present This precipitate should not be confused with that 
of light grey-blue colour produced by a ferrocyanide. 

Use is made of the following facts in the preliminary and 
partial separation of anions with silver nitrate solution: 

(1) In dilute nitric acid solution {ca, chloride, bromide, 

iodide, iodate and thiocyanate are precipitated. 

It will be appreciated that iodate is incompatible with both iodide 
(compare Section IV, 21, reaction 6) and with thiocyanate (Section 
IV, 21, reaction 9) since iodine is liberated in acid solution. Also 
sulphide is incompatible with both bromate and iodate (oxidation 
to sulphate occurs), and an arsenite is oxidised by iodate in acid 
solution. These facts should therefore be borne in mind when in- 
terpreting Table XI. An independent test for iodate (test 11) is 
provided below: this can be performed before the silver nitrate tests. 

(2) Upon treatment of the filtrate from (1) with sodium 
nitrite solution, chlorate and bromate are reduced to the simple 
halides, the presence of which is revealed by the separation of 
silver chloride and silver bromide respectively. 

AgClOs + SNaNOg = AgCl + SNaNOg 
Chromates (which, of course, yield a coloured solution) are 
simultaneously reduced to chromic salts. 

(3) If the acidity of the filtrate from (2) is reduced (to about 
pH 5) by just neutralising with sodium hydroxide solution and 
adding ^lute acetic acid, silver nitrate solution will precipitate 
phosphate, arsenate, arsenite,* oxalate and possibly other 
organic acids. 

It cannot be too strongly emphasised that Table XI is 
intended to act merely as a guide and to indicate the presence 
of groups of anions ; it should therefore be considered carefully 
in conjunction with the various observations which have been 
made in the preliminary tests and particular note be taken of 

* It must be remembered that arsenite roay be partially oxidised by the 
dilute nitric acid treatment and also by other oxidising anions which may be 
present. Arsenite is, however, readily detected in the analysis for cations 
(compare Section III, 11, reaction I). 
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possible interferences. Tbe Table should therefore not be 
interpreted as rigidly as a Group Separation Table for cations, 

Table XI. — Separation of Anions with Silver Nitrate 

Solution 

It is essential to remove interfering anions first in the following order. 
These anions, if present, will have been detected in the preliminary tests, 

J. Sulphide, cyanide and sulphite. Acidify 10 ml. of the “NagCOg 
prepared solution” with dilute acetic acid and boil gently for 3-4 minutes: 
make certain that the solution remains acid (e.g. to litmus) throughout. 
If sulphite is present, it is advisable to heat the solution for 10-15 minutes 
(maintaining the volume, if necessary) whilst a stream of air is drawn 
through it (compare Fig. IV, 45, 1); test for complete removal of sulphur 
dioxide with fuchsin solution. 

2. Ferrocyanide and ferricyanide. Employ the original solution 
from 1 or, if sulphide, cyanide and sulphite are absent, use 10 ml, of the 
‘‘NagCOg prepared solution” made acid (to Congo red) with dilute acetic 
acid. Add 0*5Af zinc nitrate solution until precipitation ceases, introduce 
a Whatman filtration accelerator, stir and filter the zinc ferro- and ferri- 
cyanides in the cold; wash with a little 0-lM zinc nitrate solution. 

XJse the filtrate from 2 or, if ferrocyanide and/or ferricyanide and other 
interfering anions are absent, acidify 10 ml. of the “NaaCOg prepared 
solution” cautiously with dilute HHOs (to litmus or other indicator paper). 
Add one-tenth of the volume of concentrated HNOg, stir for 30 seconds 
and then add AgNOs solution "f^th stirring until precipitation is complete. 
Heat to the boiling point, allow the ppt. to settle, cool and filter. Wash 
the ppt. with 2-3 ml. of nitric acid. 

Residue (A). Filtrate, Add 1 ml. of AglSTOs solution, then 20% 
Yellow or NaNOg solution (prepared from the A.R. solid) dropwise 
white. May and with stirring until precipitation is complete. [If no 
contain: ppt. forms, do not add more than 0*5 ml. of NalSTOg 

AgCl, solution.] Filter, and wash with 2-3 ml. of N nitric acid. 

AgBr, , — ^ : — ^ ^ ^ ' 

Agl (or Residue (B). Filtrate. Add NaOH solution (use a 

AglOg) May contain dropper) with vigorous stirring until 

AgSCN. AgCl and neutral to litmus (1), then 0*5 ml. of dilute 
Use Table A, AgBr derived acetic acid, followed by 1 ml. of AgNOg 
from AgOlOg solution. Heat the mixture to about 
and AgBrOg. 80°C (2). If a permanent precipitate 

Use Table B. forms, add more AgNOg solution until 
precipitation is complete. Filter and wash 
with hot water. 

Residue (0) (3). Filtrate. 

AggPO^-— yellow. Discard. 

AggAsO^ — ^brownish-red. ^ ^ 

AggAsOg— -yellow. 

Ag 2 C 204 — white (4). 

UseTableC. 

Notes. (1) The sodium hydroxide solution should be added until 
the first permanent precipitate of 0 or of brown silver oxide appears- 
The solution must not be allowed to become alkaline to litmus foi 
this will produce a large precipitate of silver oxide which redissolves 
only slowly. 
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The j}H required for the precipitation of (7 is about 5-5; this can 
be more conveniently achieved by the use of either mtrazine (sodium 
dinitrophenyl-azo-naphthol sulphonate) or bromocresol purple (di- 
bromo-o-cresol-sulphone-phthalein) test-papers. All that is neces- 
sary is to add the sodium hydroxide solution until the appropriate 
colour change is produced; it is best to use a standard for com- 
parison (nitrazine,|?H range 5‘5-7*2, yellow to blue; bromocresol 
purple, pH range 5*2-6-8, yellow to purple). 

(2) A crystalline precipitate of silver acetate may separate here ; 
this dissolves when the solution is heated. 

(3) Chromate, if present, would normally be precipitated at a pH 
of about 5-5, but the sodium nitrite treatment m B reduces it to the 
chromic state. Chromic hydroxide is not precipitated in the acetic 
acid-acetate solution unless present in very large amounts. 

(4) Other organic acids may also separate here. If only a white 
precipitate is obtained, use the organic acids separation table of 
Section IV, 45, 2d. The presence of organic acids will also be 
indicated by some of the preliminary tests. 

Table A {Examination of Residue A) 

Thiocyanate test. Test one-quarter of the precipitate A 
for thiocyanate by heating for 3-4 minutes with 5 ml. of 5 per 
cent NaCl solution (this converts part of the AgSCN into 
NaSCN), cool and allow the precipitate to settle. Treat the 
supernatant liquid with 1 ml. of dilute HGl and a few drops of 
Feds solution. Red coloration. Thiocyanate f resent. 

If thiocyanate is present, it must be destroyed since it 
interferes with the tests for the halides. Heat the remainder 
of the residue A (previously dried in the steam oven or in an 
air bath) in a porcelain crucible, gently at first and then 
gradually to dull redness until aU the thiocyanate is decom- 
posed, i.e. until blackening of the precipitate and/or burning 
of S ceases. 

To the residue in the crucible (if thiocyanate is present) or 
to the remainder of the residue A transferred to a small beaker 
(if thiocyanate is absent), add 1-2 grams of granulated zinc 
(but preferably of 20 mesh) and 5-10 ml. of dilute H2SO4. 
Allow the reduction to proceed for 10 minutes with frequent 
stirring ; gentle warming may be necessary to start the reaction. 
Filter and wash the precipitate with a little dilute H2SO4. 
Divide the filtrate into three equal parts.* 

* The preliminary test with concentrated H 2 SO 4 will generally indicate 
the presence of any of the three halides or mixtures of them. For individual 
halides, the confirmatory tests of Section VII, 17, may be used. If mixtures 
are present, the methods described id. Section IV, 45, may be adopted. 
For those who prefer systematic testing for any or all of the halides, the 
alternative procedures in Table A are recommended. 
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Iodide test. Add 1-2 ml. of CCI4 and 3 ml. of lO-voltime 
H^O 2 or 3 ml of 25 per cent Fe^^SO^)^ solution to one-tMrd of 
the ferate. Shake vigorously and allow to settle. Purple to 
violet coloration of CCI4 layer. Iodide present: 

Bromide test (a) If iodide is present, this must be 
removed by treating one-third of the solution with 5 ml, of 
dilute H2SO4 and 2 ml. of 30 per cent solution (chloride- 

free). Boil the solution with stirring, concentrate to 3 ml. and 
allow to cool. Test for bromide as under (6). 

(6) If iodide is absent, use one-third of the solution directly. 
Add an equal volume of concentrated HNO3, immerse the test- 
tube in a beaker of boiling water for 1 minute and cool to room 
temperature with cold water. Add 1-2 ml. of CCI4 and stir 
vigorously with a glass rod (if a glass-stoppered tube or conical 
flask is available, this will facilitate shaking). Yellow or brown 
colour of the CCI4 layer. Bromide present. 

Chloride test, {a) If iodide and/or bromide present, dilute 
the remaining third of the solution to 15 ml., add 8 ml. of 
concentrated HNO3 boil (glass rod in beaker) for 5 minutes 
or until no more Br2 is given off. Cool and test for chloride as 
in (6) below with AgN03 solution only. 

(6) If bromide and iodide are absent, add 3-4 ml. of dilute 
HNO3 3 ml. of AgNOs solution; stir and heat to boiling. 
White precipitate. Chloride present. 

Table B {Examination of Residue B) 

Suspend the residue B in 5-10 ml. of dilute sulphuric acid 
in a beaker, and add 1-2 grams of granulated zinc (but prefer- 
ably of 20 mesh). Allow the reduction to proceed for 10 
minutes with frequent stirring : gentle warming may be neces- 
sary to start the reaction. Filter and wash the precipitate with 
a little dilute sulphuric acid. Examine the solution for chloride 
and bromide as in Table A, 

Table C {Examination of Residue G) 

If the precipitate is white, only organic acids may be present 
and the other anions need not be tested for. Furthermore, the 
preliminary tests of heating alone and heating with concen- 
trated sulphuric acid will have indicated the presence of organic 
acids. If organic acids are indicated or suspected, use the 
separation Table given in Section IV, 45, 20, 

If the precipitate is yellow phosphate and/or arsenite may 
be present and arsenate is absent. The following scheme pro- 
vides for the separation of phosphate, arsenate and arsenite. 
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Dissolve the residue O (1), which may contain Ag 3 F 04 , Ag^AsQj^ and 
Ag^AsO^, by pouring 10-15 ml, of SN HCl repeatedly tiirough it. Filter 
and wash with 5 ml. of Q-li^ HCl. 


Residue. Filtrate. Render alkaline with dilute aqueous NHg and 
AgCl. add 5 ml. in excess ( 2 ). Add 10 nd. of the Mg(N 03)2 reagent. 

Reject. allow to stand for 10 minutes, stirring frequently, and filter. 

Wash the ppt. with 5 ml. of O-liV NH 3 solution. 


Residue. May contain Filtrate. Add 4 ml. 

Mg(IsrB[ 4 )P 04 , 6 H 20 and of 3% HgOg solution, 

Mg{NH 4 )As 04 , 6 H 20 (3). Dissolve heat nearly to boiling 
the ppt. by pouring 10 ml. of (to oxidise arsenite to 
dilute HCl repeatedly through the arsenate), cool and allow 
filter. Add to the cold solution 0-5 to stand for 10 minutes ; 
gram of solid NaHCOg and 0-5 shake frequently. Filter, 
gram of solid KI. An immediate 
yellow to brown iodine colour 

indicates arsenate. Saturate the Residue. Filtrate, 

solution with H 2 S (under “pres- Mg(NH 4 )As 04 ,- Reject, 

sure”). Filter and wash with 6 H 0 O. 

0’5JV HCl. Arsenite 

present. 

Residue. Filtrate. Boil until 
Yellow : H gS is expelled and the 
AS 2 S 3 . volume is ca. 10 ml. 

Arsenate Filter and discard any 
present, ppt. of S. Render 

alkaline with concen- 
trated NH 3 solution 
and add 3 ml. in 

excess. Add 5 mi. of 
the Mg(N 03)2 reagent 
and allow to stand, 

with frequent stirring, 
for 10 minutes. 

White ppt. of 
Mg(im 4 )P 04 , 6 H 20 . 

PhLosphate present. 


Notes, (1) The ‘'Na2C03 prepared solution’’ may also be used 
for the detection of arsenate, phosphate and arsenite. Acidify 10 
ml. of the '‘Na2C03 prepared solution” with dilute HCl and then 
render alkaline with dilute aqueous NH3. Filter, if necessary, and 
reject any precipitate. Treat the clear solution with the Mg(N03)2 
reagent, etc., and proceed as in Table. 

(2) If chromate is present, it will have been reduced to chromic 
ion by the NaN02 solution and may be partly precipitated as 
Cr(OH)3. This will be dissolved by HCl and reprecipitated by the 
aqueous NH3. Hence any precipitate formed at this point should 
be filtered off before the Mg(N03)2 is added. 
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(3) If phosphate has been detected previously (e.g. in the cation 
analysis), a qualitative test for arsenate may be made as follows. 
Poxxr 1 ml. of AgNOg solution, to which 2 drops of dilute acetic acid 
have been added, over the white precipitate. A brownish-red 
coloration of the precipitate confirms the presence of arsenate. The 
acetic acid is added to increase the solubility of the magnesium salt 
and thus facilitate the conversion of magnesium ammonium arsenate 
to the characteristic silver arsenate. 

5. Test with calcium chloride solution. For tests 5-7 a 
“Na 2 C 03 practically neutral solution” is required. This 
is prepared as follows. Take 10 ml. of '‘Na 2 C 03 prepared 
solution’’ in a porcelain dish and render it faintly acid with 
dilute nitric acid (use litmus paper or other equivalent test- 
paper). Boil for 1-2 minutes to expel carbon dioxide, allow 
to cool, then add dilute ammonia solution until just alkaline* 
and boil for 1 minute to expel the slight excess of ammonia. 
Divide the solution into three equal parts for tests 5, 6 and 7. 

Add CaCl 2 solution (equal in volume to that of the solution) 
and allow to stand for several minutes. A white precipitate 
indicates fluoride, oxalate, phosphate, arsenate and tartrate'^', a 
precipitate which separates on boiling for 1-2 minutes is citrate. 
Of these only oxalate and fluoride are insoluble in dilute acetic 
acid. Hence extract the white precipitate with dilute acetic 
acid and filter. A residue (i?) insoluble in dilute acetic acid, 
indicates oxalate andjor fluoride. Exactly neutrahse the acetic 
acid solution by adding sodium hydroxide solution from a 
dropper and testing with an indicator paper or solution 
(bromothymol blue or nitrazme yellow is suitable) ; a white 
precipitate indicates the presence of phosphate, arsenate and/or 
tartrate. The precipitate often separates slowly. Add a little 
silver nitrate solution to the suspension or solution: a yellow 
precipitate indicates the presence of phosphate ; a brownish-red 
precipitate indicates arsenate or arsenate plus phosphate. 

It is convenient to test the residue B for oxalate here. 
Dissolve it by pouring hot dilute sulphuric acid into the filter. 
Treat the hot filtrate with a few drops of 0-02A potassium 
permanganate solution. If the permanganate solution is 
reduced, oxalate is present. If no reduction occurs, the pre- 
sence of fluoride is indicated. 

* If a precipitate forms on neutralising the solution, tlie presence of arsenic, 
antimony and tin sulphides and possibly salts of amphoteric elements (lead, 
tin, aluminium and zinc) is indicated. The precipitate should be filtered ofi 
and rejected. 

t CaS04 and Ca(BOa)2 may sepaxat© from sufi&ciently concentrated solutions. 
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6. Test with ferric chloride solution.' Treat the second 
third of the '^Na^COg practically neutral solution” drop oy 
drop with ferric chloride solution until no further change 
occurs. 

(The bench reagent contains free hydrochloric acid; add 
ammonia solution until a precipitate jmt forms, filter and us© ^ ® 
filtrate for the test. The filtrate is sometimes termed “neutral reO 3 
solution’'.) 


Yellow to brown precipi- 

Benzoate, succinate (also chromate, phosphate, 

tate. 

arsenate and borate, all of which have been or 

Blue precipitate. 

will be found by other tests). 

Ferrocyanide, 

Beddish-brown colora- 

Acetate, formate. 

tion, ppt. after dilution 
and boiling. 

Blood-red coloration 

Thiocyanate (sulphocyanide). 

discharged by HgClg 
solution. 

Beddish-purple colora- 

Thiosulphate,* 

tion; colour vanishes on 
warming. 

Brown coloration; blue 

Ferricyanide. 

ppt. with FeS04 solu- 
tion. 

Violet coloration. 

Salicylate. 

Greenish-black colora- 

Gallate. 

tion. 

Bluish-blaok coloration. 

Tannate. 


7. Test for silicate. To the remaining third of the 
practically neutral solution” add ammonium chloride and 
ammonium carbonate solution. A gelatinous precipitate 
indicates silicate, 

A more satisfactory reagent for the precipitation of silicates 
is hexammine zinc hydroxide, [Zn(NH3)6](OH)2. This preci- 
pitates zinc silicate ZnSiOg, which is much more difficultly 
soluble in dilute alkaline solution than is the free silicic acid. 

NagSiOg + [Zn{NH3)6]{OH)2 - ZnSiOg + 2NaOH + 6NH3 
The reagent is added in slight excess and the solution boiled 
until all the ammonia is expelled. 

The reagent is prepared by treating pure zinc nitrate solution 
with potassium hydroxide solution, filtering off the precipitated zinc 
hydroxide, washhig well, and dissolving the precipitate in dilute 
ammonia solution. 

^ As a general rule, thiosulphate will not be found here as it should have 
been more or less completely decomposed in the preparation of the “Na^CO, 
practically neutral solution. ” 

.18: 
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8. Test for fluoride. The presence of fluoride will have 
been indicated in the preliminary test with concentrated snl- 
phurio acid by the oily ’ ' or ' ' greasy ’ ’ appearance of the tube 
and also by the calcium chloride solution test. 
It may be confirmed by the following test. 

Fit a small test-tube with a cork carrying a 
piece of glass tubing open at both ends; cut a 
V-shaped groove in the side of the cork to 
allow for the expansion of the air in the tube 
when heated. Mix a small quantity of the 
original substance in a crucible with about 
three times its bulk of ignited silica (quartz; 
powder is preferable, but results are obtained 
with precipitated silica), transfer it carefully 
to the tube, and add by means of a dropper or 
small pipette about twice as much (by volume) 
of concentrated sulphuric acid as there is solid. 
Introduce the glass tube, wet on the inside 
-Water with Water thus forming a ring of water at the 
lower end (Fig. VII, 16, 1), into the test-tube 
and adjust its height so that the bottom is at a 
Fig, VII, 16, 1 distance of approximately one and a half times 
the diameter of the tube from the paste in the 
test-tube. Heat the mixture gently over a small flame for 2~3 
minutes, A white film of silicic acid in the water confirms the 
presence of fluoride. 


y. 


The reactions which occur are: 

MFg -f H2SO4 = MSO4 -f 2 HF; 

SiOa -f 4 HF == SiF^ -f- 2H2O; 

When the highly reactive precipitated silica is employed, much of the 
SiF4 reacts with it to form a stable oxyfluoride, probably 
SiF4 -f SiOg = 2SiOF2 

Hence the relatively unreactive powdered quartz is to be preferred. 

9. Test for cyanide. This is sometimes missed in the 
preliminary test with dilute sulphuric acid and in the potassium 
permanganate test for reducing anions. The following test is 
conclusive. Use the apparatus described in the test for car- 
bonates (Fig. JF, 2 , 1). Place 0*2 gram of the substance in 
the test-tube together with three or four fragments of marble. 
Introduce 5 ml. of 2-3 iV' hydrochloric acid, replace the cork 
immediately and allow the evolved gas to bubble through 
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5 mL of 2-3 iV' sodium hydroxide solution. After 5-10 minutes 
add 0*5 ml. of saturated ferrous sulphate solution to the alkaline 
solution, heat to the boiling point, cool thoroughly, acidify with 
concentrated hydrochloric acid and add a few drops of ferric 
chloride solution. A blue precipitate (Prussian blue) is obtained ; 
with small amounts of cyanide the solution acquires a blue or 
blue-green colour. 

The test may also be conducted with the 2 ml. of the “NagCOg pre- 
pared solution.” Carbonate, sulphite and thiosulphate have no in- 
fluence upon the reaction. Nitrite interferes, presumably owing to the 
oxidation of the hydrogen cyanide. In the presence of sulphide, the 
test is complicated by the precipitation of black ferrous sulphide when 
ferrous sulphate is added to the alkaline solution. It is best to boil the 
solution containing the suspended ferrous sulphide, acidify with hydro- 
chloric acid and boil again to expel most of the dissolved hydrogen 
sulphide ; upon adding a drop of ferric chloride solution, a blue pre- 
cipitate is produced if cyanide is present. 

Complex cyanides, such as ferrocyanide and ferricyanide, do not 
interfere when the test is conducted in the cold. 

10. Test for chromate. If the ‘'Na2C03 prepared solu- 
tion’’ is colourless, chromate is absent. If yellow, chromate 
may be i)resent ; ferro- and ferri-cyanides also impart a yellow 
colour to the solution. The presence of chromate wdll have 
been indicated by the precipitation of green chromic hydroxide 
in the silver nitrate solution tests {Table C) and also in the 
analysis for cations. 

To confirm chromate, acidify 2 ml. of the ^^Na2C03 prepared 
solution” with dilute sulphuric acid, boil for one minute to 
expel CO2, etc., filter if necessary, add 1-2 ml. of amyl alcohol, 
followed by 1-2 ml. 10-volume hydrogen peroxide and shake 
gently (compare Section IV, 33, reaction 4), A blue coloration 
of the amyl alcohol layer confirms cAroma^c. 

11. Test for iodate. This anion will give a positive test 
for oxidising agents, but will not normally be detected in the 
systematic analysis. 

The presence of iodate in the ‘‘Na2003 prepared solution” 
can be readily detected as follows. Treat 2 ml. of the solution 
with silver nitrate solution until precipitation ceases, heat to 
boiling for 2-3 minutes and filter. Render the filtrate strongly 
acid with hydrochloric acid, add 2 ml. of 10 per cent ferrous 
sulphate solution (or 10 per cent sodium bisulphite solution) 
and shake it with 2 ml. of carbon tetrachloride. A purple 
coloration of the organic layer indicates iodate. 

This test utilises the fact that silver iodide, but not silver 
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plver nitrate solution a white precipitate of silver iodate^ in qnhiKW 

m N nitric acid but soluble in dilute amSa Sir ^ 
simulating tbe behaviour of a chloride towards these reagents^ 
Twfo*i precipitate of barium iodate 

12 Test for periodate ( 1 ). This anion will give a positive 
test for oxidising agents, but wiU not be detected in 2e 
systematic analysis. It will be necessary to remove first 
lo^de or iodate by precipitation with silver nitrate in S 
solution, and the excess of silver ions with sodium chloride 
solution: the resultmg solution is strongly acidified with hydro- 
chlorioacid and a ferrous salt is added. If a periodate is 

prraent. It will be reduced to iodine, which can be identified 
with carbon tetrachloride. aentiued 

3 ml. of the “NagCOa prepared solution” with 60 
per cent perchloric acid and add 1 ml. in excess (2); add silver 
nitrate solution, slowly and with stirring, until precinitation io 
complete Filter and collect the fUttlie “ TZldSL^ 
Stoppered conical flask or test-tube. Add 6 ner 
chloride telution. 0-5 ml. at a time, to tMtm^'aS Votom 
precipitate forms. Stopper the flask or test-tube anS sSe 
the mixture vigorously after each addition. Filter off the 
silver chloride (3), transfer the filtrate to the stoppered vessel 
add an equal volume of concentrated hydrochloric acid fif a 
precipitate of sodium chloride forms, filter), cool, then add 1-2 
grams of solid ferrous ammonium sulphate and 2 ml of carbon 
tetrach oride. Shake the mixture intermittently for 
prS? carbon tetrachloride indicates pmddate 

for in geniml'^nalSean1li®''irS 

^mpleteness as no reactions for periodates are included in riio + 

Four tests which distinguish periodates froriSats 

hSi’S} “ {compare iodates which gi4 Nthite 

. ,oomp.„ “.it 
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(c) With silver nitrate solution a chocolate-brown precipitate 
(AgglOg) is obtained j this darkens on boiling and is soluble in 
dilute nitric acid (compare silver iodate AglOg, which is white 
and sparingly soluble in dilute nitric acid). 

(d) With barium chloride solution a white precipitate is produced, 
which is soluble in dilute nitric acid (compare barium iodate, 
which is sparingly soluble in dilute nitric acid). 

(2) Nitric acid tends to oxidise ferrous iron, hence it is advisable to 
maintain the nitrate ion concentration as low as possible and to keep 
the solution cold. 

(3) The excess of silver ions is removed as silver chloride because 
they are reduced by ferrous salts to silver. 

The preliminary dry tests and the reactions in solution 
described above will give a general (and, in some cases, a 
particular) indication of the nature of the acid radicals or 
anions present. For a number of anions (e.g. thiocyanate, 
chloride, bromide, iodide, iodate, bromate, chlorate, phosphate, 
silicate, fluoride, cyanide and chromate), the tests are more 
or less conclusive. However, in the presence of mixtures of 
anions, it will be necessary to distinguish between those which 
give analogous reactions, for example, (i) sulphite, thiosulphate 
and sulphate; (ii) chloride, chlorate and perchlorate; (iii) 
arsenite, arsenate and phosphate; (iv) ferricyanide and ferro- 
cyanide; (v) acetate and formate; (vi) succinate and benzoate; 
and (vii) oxalate, tartrate and citrate. In some cases one anion 
interferes with the reaction of the other, e.gr. (viii) carbonate 
and sulphite; (ix) nitrite and nitrate; (x) nitrate in the presence 
of bromide, iodide, chlorate and perchlorate; (xi) iodate and 
iodide; (xii) oxalate and fluoride; and (xiii) chloride and 
cyanide. This subject is fully discussed in Section IV, 45. 
Particular attention is directed to the table of separation of 
organic acids (IV, 45, 20): this must be used with due con- 
sideration as to the influence of interfering organic acids 
(compare tests 5 and 6 above). 

VII, 17. CONFIRMATORY TESTS FOR ACID 
RADICALS OR ANIONS 

In every case where the presence of any acid radical has 
been indicated, it must be confirmed by at least one distinctive 
confirmatory test. Conclusive tests for anions (halides, sul- 
phate, oxy-halides, thiocyanate, phosphate, silicate, fluoride, 
cyanide and chromate) have already been given in Section VII, 
16, it will, of course, be unnecessary to confirm these further. 
The following list, which, for the sake of completeness includes 
those anions already referred to, will assist the student in the 
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choice of suitable tests. Full experimental details will be found 
in Chapter IV under the reactions of the acid radicals (anions); 
the reference to these will be abbreviated as follows : thus 
(lY, 2, 7) is to be interpreted as Section IV, 2, reaction 7. It 
is assumed, of course, that interfering acids are absent or have 
been removed. 

Chloride, (i) Heat solid with concentrated H2SO4 and MnO^: 
CI2 evolved (bleaches litmus paper and also turns Kl-starch paper 
blue) (IV, 14, 2). (ii) Chromyl chloride test (IV, 14, d). (iii) Silver 
chloride-sodium arsenite test (IV, 14, 3). 

Bromide, (i) Heat solid with concentrated H2SO4 and Mn02 ; 
Bra evolved (IV, 15, 2). (ii) NaOCl-HCl and CHCI3 or CCI4 test; 
yellowish-brown to yellow coloration (IV, 15, S). 

Iodide, (i) NaOCl-HCl (or chlorine water) and CHCI3 or CCI4 test; 
violet coloration (IV, 16, 4). (ii) NaOCl-HCl and starch paste 
test; blue coloration (IV, 16, 4). 

Fluoride, (i) Etching test (IV, 17, 2). (ii) Silicon tetrafluoride 
test {heat with concentrated sulphuric acid in a test-tube} (IV, 17, i ) ; 
better, test 8 in VII, 16. (iii) Zirconium-alizarin test (IV, 17, d). 

Cyanide, (i) Prussian blue test (IV, 8, 4); better, test 9 in 
VII, 16. (ii) Ammonium sulphide test (IV, 8, i, 6). 

Nitrite, (i) Brown ring test with dilute acetic acid or with dilute 
sulphuric acid (IV, 7, 2). (ii) Thiourea test (IV, 7, 9), (iii) Sul- 
phanihc acid-a-naphthylamine reagent test (IV, 7, 10). 

Nitrate, (i) Brown ring test with concentrated H2SO4 (IV, 18, 3), 
if bromide, iodide and nitrite absent, (ii) Ammonia test with 
Devarda’s alloy (IV, 18, 4). 

Sulphide, (i) Dilute H2SO4 on sohd, and action of H2S on lead 
or cadmium acetate paper (IV, 6, 1). (ii) Sodium nitroprusside 
test (IV, 6, d). 

Sulphite, (i) Dilute H2SO4 on solid, and action of SO2 upon 
potassium dichromate paper (IV, 4, 1). (h) BaCi2-Br2 water test 

(IV, 4, 2). (iii) Fuchsin solution test (IV, 4, 10). 

Thiosulphate, (i) Action of dilute H2SO4 upon solid, and libera- 
tion of SO2 (dichromate paper test or fuchsin solution test) and 
sulphur (IV, 5, i). (ii) Potassium cyanide test (IV, 5, d). (iii) 
Nickel ethylenediamine test (IV, 5, >9). 

Sulphate, (i) BaCl2 solution and dilute HCl test, and reduction 
to sulphide {test for latter with sodirun nitroprusside or lead acetate 
solution} (IV, 24, 1). (ii) Lead acetate test and solubility of PbS04 
in ammonium acetate solution (IV, 24, 2). 

Carbonate, (i) Action of dilute H2SO4 upon solid, and lime 
water or baryta water test (IV, 2, i). 
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Hypochlorite, (i) Action of dilute HCi, and test for CI 2 evolved 
(IV, 13, I). (ii) Cobalt nitrate solution test (IV, 13, 4), 

Chlorate, (i) Sodium nitrite test (IV, 19, 4; also test 4 in VII, 
16). (ii) Ferrous sulphate test (IV, 19, 6). 

Bromate. (i) Action of concentrated H 2 SO 4 ; Br 2 and O 2 evolved 
(IV, 20, I), (ii) Hydrobromic acid test (IV, 20, 4). 

lodate. (i) Potassium iodide test (IV, 21, 6). (ii) Sulphur di- 
oxide or hydrogen sulphide test (IV, 21, 5). 

Perchlorate, (i) Action of heat and test for chloride (IV, 22, 7), 
and non-reduction with Na]S [02 or FeS 04 in acid solution (IV, 22, 5). 

Borate, (i) Flame test (IV, 23, 2; better, test (ix) in Section 
VII, 3). (ii) Turmeric paper test (IV, 23, 3). 

Silicate, (i) Microcosmic bead test (IV, 26, 5) and silicon tetra- 
chloride test (IV, 26, 6 ). (ii) Ammonium molybdate solution and 
SnCl 2 solution test (IV, 26, (^). 

Silicofluoride. (i) Action of concentrated H 2 SO 4 and BaCl 2 
solution test (IV, 27, i, 2). 

Persulphate, (i) Action of boiling water (IV, 25, 1), (ii) Man- 
ganous sulphate solution test (IV, 25, 5). 

Chromate, (i) Hydrogen peroxide test (IV, 33, 4). (ii) Lead 
acetate solution test (IV, 33, 3), (iii) Action of hydrogen sulphide 
or sulphur dioxide (IV, 35, 5, 6), (iv) Solid when warmed with a 
solid chloride and concentrated H 2 SO 4 evolves chromyl chloride 
(IV, 14, 5). (v) Diphenylcarbazide reagent test (IV, 33, 10), 

Permanganate, (i) Hydrogen peroxide test, and identification 
of Mn + ion (IV, 34, 1), (ii) Action of oxalic acid, and identification 
of Mn++ ion (IV, 37, 4), (iii) Action of hydrogen sulphide or 
sulphur dioxide (IV, 34, 2), 

Arsenite. (i) Action of H 2 S upon acid solution (III, 11 , i). 
(ii) Silver nitrate solution test (III, 11, 2), and absence of precipi- 
tate with magnesium nitrate reagent (III, 11, 5) or on boiling with 
ammonium molybdate solution and nitric acid, (iii) BettendoriPs 
test (III, 11, d). 

Arsenate, (i) Action of H 2 S on acid solution (III, 12, 1), and 
silver nitrate solution test upon practically neutral solution (III, 
12, 2), (ii) Magnesium nitrate reagent test (III, 12, 3). (iii) Am- 
monium molybdate test (III, 12, 4), 

Orthophosphate, (i) Ammonium molybdate test (temperature 
not above 40®) (IV, 28, 4). (ii) M[agnesium nitrate reagent test 
(IV,28, d). 

Phosphite, (i) Silver nitrate solution test (IV, 30, 1), and Zn + 
dilute H 2 SO 4 test (IV, 30, 6 ). 



552 ^ [VII 5 

Hypophospliite, (i) Silver nitrate solution tsest (lY, 31, 1), cop- 
per sulphate solution test (IV, 31, 4), and ammonium inolybdate 

test (IV, 31, ^). 

Cyanate. (i) Dilute H 2 SO 4 test (IV, 9, I), (ii) Gobait acetate 
solution test (IV, 9, 5). (iii) Copper sulphate-pyridine test (IV, 
9,5). 

Ferrocyanide. (i) Ferric chloride solution test (IV, 11, 3), (ii) 
Ferrous sulphate solution test (IV, 11 , 4). (iii) Uranyl acetate 
solution test (IV, 11, ii). (iv) Titanium tetrachloride test (IV, 
11, 9). 

Ferricyanide. (i) Ferrous sulphate solution test (IV, 12, 5). 
(ii) Ferric chloride solution test (IV, 12, 4), 

Thiocyanate, (i) Ferric chloride solution test; colour discharged 
by HgCl 2 solution or by NaF solution, but not by dilute HCl (IV, 
10, 6). (ii) Cobalt nitrate solution test (IV, 10, 7). (iii) Copper 
sulphate“-p 37 ridine test (IV, 10, 9). 

Acetate, (i) Action of ethyl or of t 5 o-amyl alcohol and concen- 
trated H 2 SO 4 (IV, 35, 5), AgNOg solution test (IV, 35, 4) and FeCla 
solution test (IV, 35, 5). (ii) Cacodyl oxide test (IV, 35, 7). (iii) 
Indigo test (IV, 35, 9). 

Formate, (i) Mercuric chloride solution test (IV, 36, 7) or 
AgNOs solution test (IV, 36, 4), and FeClg solution test (IV, 36, 5). 
(ii) Mercuric formate test (IV, 36, 5). 

Oxalate, (i) Immediate precipitation with CaCl 2 solution in 
neutral solution ; precipitate decolourises a dilute solution of 
KMn 04 (IV, 37, 5, 4), (ii) Resorcinol test (IV, 37, 5). 

Tartrate, (i) Resorcinol test (IV, 38, 6). (ii) Copper hydroxide 
test (IV, 38, 7). 

Citrate, (i) Deniges’ test (IV, 39, 5). (ii) Cadmium chloride 
solution test (IV, 39, 4), and negative results with resorcinol and 
copper hydroxide tests (IV, 38, 5, 7). 

Salicylate, (i) Violet coloration with FeClg solution, discharged 
by mineral acids (IV, 40, 5), and soda lime test (IV, 40, 7). (ii) 
“Oil of winter-green” test (IV, 40, 2). 

Benzoate, (i) Buff-coloured precipitate with FeCls solution, 
soluble in dilute HCl with precipitation of benzoic acid (IV, 41, 1). 
(ii) Dilute H 2 SO 4 test (IV, 41, 2), and no precipitate with EaCl 2 
solution in neutral solution. 

Succinate, (i) Light brown precipitate with FeClg solution, 
soluble in dilute HCl, but no precipitation of acid occurs (IV, 42, 5). 
(ii) Fluorescein test (IV, 42, 5). 



■5:53 


18] Systematic Qmlitatwe Inorganic Analysis 

VII, 18- ANALYSIS OF A LIQUID (SOLUTION) 

(1) Observe the colour, odour and any special physical 
properties. 

(2) Test its reaction towards litmus paper or a suitable 
narrow range indicator paper. 

(a) The solution is neutral: free acids, free bases, acid salts, 
and salts which give an acid or alkaline reaction owing 
to hydrolysis, are absent, 

if)) The solution reacts alkaline: this may be due to the 
hydroxides of the alkali and alkaline earth metals, to 
the carbonates, borates, sulphides, cyanides, hypo- 
chlorites, ztncates, aluminates, silicates, per-salts and 
peroxides of the alkali metals, etc. 

(c) The solution reacts acid: this may be due to free acids, 
acid salts, salts which yield an acid reaction because of 
hydrolysis, or to solutions of salts in acids. 

(5) Evaporate a known volume of the liquid to dr 3 naess on 
the water bath ; carefully smell vapours evolved from time to 
time. If a solid residue remains, examine as described under 
A for solid and non-metallio substances (Section VII, 1). If a 
liquid remains, evaporate cautiously on a wire gauze in the 
fume cupboard; a solid residue should be examined as already 
stated. If charring occurs, organic matter is present, and 
must be removed before testing for Group IIIA in the sub- 
sequent systematic analysis. If no residue remains, then the 
liquid consists of some volatile substance which may be water 
or water contaming certain gases or volatile substances, such 
as GO 2 , NH 3 , SO 2 , H 2 S, HCl, HBr, HI, H 2 O 2 , etc., 

all of which can be readily detected by special tests. It is best 
to neutrahse the solution with sodium carbonate and test for 
acid radicals (anions). 

(4) If the solution reacts alkaline, the following tests should 
be performed: 

(a) Peroxides and per-salts (e.gr. H 2 O 2 and NaBOs). 

a little of the solution with a few drops of 
cobalt nitrate solution; a black precipitate of a higher 
ccsMb of cobalt is obtained (sulphides and hypochlorites 

(ii) Add a little titanous sidphate or chloride solution, 
and carefully acidify with cold dilute sulphuric acid; a 
yellow coloration is obtained in the presence of hydrogen 
peroxide. 


18 * 
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(iii) Add a little ferric chloride and potassium ferri- 
cyanide solutions; Prassian blue precipitate. 

(5) Hydroxides and carbonates. Boil to decompose 
hydrogen peroxide, if present . Add a slight excess of 
barium chloride solution; if the solution now reacts 
alkaline, hydroxyl ions are present. Filter off the pre- 
cipitate, and examine for carbonate with dilute acid 
(Section IV, 2, reaction i). 

(5) If the original solution is acidic, render a known volume 
(say, 5 ml.) alkaline with aqueous ammonia before evaporating 
it on a water bath. This will prevent the loss of volatile acids, 
such as hydrochloric and boric acids. Examine the residue. 

VII, 19. ANALYSIS OF A METAL OR AN ALLOY 

The analysis of a metal or of an alloy is simplified by the 
fact that no acid radicals or anions need be looked for. Many 
alloys contain small amounts of P, Si, G and S ; phosphorus is 
converted by the usual solution process into phosphate, and 
may be identified as such (Section IV, 28). 

The alloy or metal should be in the form of borings, turnings 
or filings. About 0*5 gram is treated with 10 ml. of concen- 
trated nitric acid in a porcelain basin in the fume chamber, 
warmed gently until the evolution of red fumes ceases, and 
evaporated almost to dryness.* About 10 ml. of water are 
then added, the mixture heated for a few minutes and filtered, 
if necessary. 

Three cases may arise: 

1. The metal or alloy dissolves completely. Examine 
solution (A) by Table I (Section VII, 6), remembering that 
phosphate may be present and should be tested for. 

2. The metal or alloy does not dissolve completely. 
The solution (A) is examined as in case 1. If the residue is 
black, it may be either carbon or gold and/or platinum. Test 
for carbon by igniting on a crucible lid ; carbon glows and burns. 
Gold and platinum dissolve in aqua regia (compare Sections 
IX, 5 and IX, 6). 

If the residue is white, it may contain mi^er aZiu hydrated 
stannic oxide or antimony pentoxide, bismuth oxide, together 
with traces of copper, lead and iron, and is best analysed as 
outlined m the following table. 

* The nitric acid will oxidise the P to H3PO4, S to H2SO4, As to H3ASO4, 
Sb to SbjOgjajHgO (converted by gentle heating into SbaOi), & to SnO^jirHaO 
and Si to gelatinous silicic acid. 
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Table XII.— Analysis of Portion of Alloy Insoluble in 
Concentrated Nitric Acid 


Wash residue with water, and dry by heating in a crucible. Add 6 
times its weight of an intimate mixture of equal parts of anhydrous 
NagCOa and sulphur, mix well, cover the crucible and heat over a small 
flame until the excess of sulphur has burned off. This operation usually 
occupies about 20 minutes. Allow to cool and extract contents of the 
crucible with hot water and filter. 

Residue. May contain 
FbS, BigSg, CuS and FeS. 
Dissolve in hot dilute 
HNO 3 , filter off any S and 
evaporate almost to dry- 
ness. Dissolve in water 
and add to original solu- 
tion A, 

Filtrate. May contain NagSnSg, 

Na 3 SbS 4 ,* Ka 3 AsS 4 , ]Sra 3 P 04 and, possibly, 
HajjS. Acidify with dilute HCl (test with 
litmus paper), and filter. 

Residue. May con- 
tain SnSg, Sb^Ss, 
AsgSg and S. 

Examine by Tables 
VI or VIA (Section 
VII, 11 ) for As, Sb 
and Sn. 

Filtrate* Test for 
phosphate. Boil off 
HgS, add excess of 
NHg solution and 
then magnesium 
nitrate reagent. A 
white crystalline ppt. 
indicates phosphate 
present. Confirm. 


3. The metal or alloy is unattacked. If the alloy is 
not attacked by nitric acid (1 : 1), treat a separate 0*5 gram 
sample with 20 ml. of aqua regia (15 ml. of concentrated hydro- 
chloric acid and 5 ml. of concentrated nitric acid) in a porcelain 
dish. Cover the latter with a clock glass and heat gently until 
the alloy has disintegrated completely. Raise the clock glass, 
boil down to about 5 ml. and finally evaporate to dryness on a 
water bath. Add 5 ml. of concentrated hydrochloric acid, 
heat gently, dilute with 15 ml. of water, stir and heat to boiling. 
Cool to room temperature and filter. The residue may consist 
of AgCl, PbCl 2 and Si02. The filtrate may contain the metals 
of the remaining Groups together with arsenate, orthophosphate 
and sulphate. Examine by Table I (Section VII, 6). 

If the alloy resists the action of aqua regia, fuse it with sodium 
hydroxide pellets in a silver dish or crucible {GAUTION !), 
When decomposition is complete, allow to cool, transfer the 
silver vessel to a beaker and extract the melt with water; re- 
move the silver vessel from the beaker. Strongly acidify the 

* These are formed in. aooordanoe with the following equations: 

2Sn02 + 2Na2C08 + 9S = 2NajSnS8 + SSOj + 2CO, 

2Sb80i + SKTajCOa + 23S = 4Na8SbS4 + TSOj + 6Co“ 

SbjOj + SNajCOs + 12S = 2Na3SbS4 + 4SO5 + 300^ 
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contents of the beaker with nitric acid, evaporate to dryness 
on a water bath and proceed as above. 

The alkali fusion is sometimes replaced by warming on a 
water bath with concentrated hydrochloric acid and 10-20 per 
cent of its volume of liquid bromine. 

The compositions of some of the common alloys are given in 
Table XIII; the chief constituents are listed in the order of 
their predominance. 


Table XIII. Composition of Alloys 


Brasses 

Cu, Zn, Sn, Pb 

Bronzes 

Cu, Sn, Zn, Pb 

Phosphor bronzes 

Cu, Sn, Pb, P 

Solders 

Sn, Pb, Bi 

Pewter 

Sn, Sb, Pb, Cu 

Type metals 

Pb, Sb, Sn 

German silver 

Cu, M, Zn 

Monel metal 

Ni,Cu 

Constantan 

Cu,M 

Nichrome 

Ni, Fe, Cr 

Manganin 

Cu,Mn,Ni 

Wood’s alloy 

Bi, Pb, Sn, Cd 

Bose’s alloy 

Bi, Pb, Sn 


VII, 20. ANALYSIS OF INSOLUBLE SUBSTANCES 

A substance which cannot be dissolved by concentrated acids 
(hydrochloric or nitric) or by aqua regia is described as “in- 
soluble.’’ Special methods for solution must therefore be 
employed, the actual process chosen depending largely upon 
the nature of the insoluble substance. 

The most common insoluble substances encountered in 
qualitative analysis are : 

AgCl, AgBr, Agl, AgCN ; 

SrS 04 , BaS 04 , PbS 04 ; 

the strongly ignited oxides AI2O3, Cr^Os, Fe^Os, Sn02, 

Sb204, [Ti 02 ,Th 02 ,W 03 ; 

fused PbCr04, and certain minerals, e,g. CaFg (fluor spar), 
FeCr204 (chrome ironstone) ; 

Cu2[Pe(CN)6], Zn2[Fe(CN)6], Prussian blue; 

SiOs, and various silicates; 8082 (mosaic gold); C and 8; 
metallic silicides; carborundum. 
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The insoluble substance should be subjected to the tests 
enumerated below in the order given until it is brought into 
solution. (Some of these tests will have been carried out in 
the preliminary examination.) The substance should be in the 
form of a fine powder; use an agate mortar, if necessary. 

(1) Note colour and appearance. 

The following substances are coloured : Cr203 (green), Fe203 
(dark red), SnS2 (bronze), PbCr04 (brown), Pe4[Fe(CN)3]3 
(Prussian blue), Cu2[Pe(CN)6] (dark brown), FeCr204 (dark 
grey), AgBr* (very pale yellow), Agl* (light yellow), C and S. 

The remaining substances listed above are white or nearly 
so, but may be slightly coloured by traces of impurities; the 
effect of the latter is less marked when the substance is in the 
form of a fine powder. 

(2) Examine the effect of heat. 

Heat a small quantity in a small crucible or upon platinum 
foil. Sulphur will melt to a yellow liquid, and burn with a 
blue fiame with the production of sulphur dioxide (test wdth 
potassium dichromate paper or with fuchsin solution). 

Carbon will glow and burn away almost completely; a light- 
coloured ash may remain. If the black substance is dropped 
in very small quantities into a little fused potassium nitrate 
contained in a hard glass tube, the oxidation wdU be more 
vigorous and some potassium carbonate will be formed. The 
residue wiU evolve carbon dioxide on treatment with dilute 
acids. Additional confirmation of carbon is obtained by heat- 
ing an intimate mixture of the substance with dry cupric oxide 
in a hard glass tube; carbon dioxide wdll be evolved (test with 
lime water), and red metallic copper will remain. 

2CuO + C = CO2 + 2Cu 

The silver salts, AgCl, AgBr and Agl, will melt without 
further change; AgCN decomposes to give a residue of silver, 
and cyanogen gas is evolved. 

Antimony oxide Sb204 melts to a yellow liquid, 

(3) Heat with sodium carbonate upon charcoal. 

The following observations may be made : 

{a) No metallic button is produced. This indicates the 
absence of Ag, Sn and Pb. Either moisten residue with a few 
drops of dilute hydrochloric acid and place in contact wdth lead 

* The silver halides become violet on exposure to light. 
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acetate paper or extract with a little water and filter 
freshly prepared sodium nitroprusside solution; a black stain 
or a transient violet coloration respectively indicates the pre- 
sence of sulphide and therefore of sulphate in the original sub- 
stance. 

The test should be repeated with another portion of the 
original substance if a white residue is obtained. Add one or 
two drops of cobalt nitrate solution and heat again. A blue 
mass indicates 

(b) A metallic button or bead is obtained. The solubility 
of the bead in nitric acid and in hydrochloric acid is tested. 

(i) The bead dissolves in nitric acid forming a clear solu- 
tion, and yielding a curdy, white precipitate of silver 
chloride, soluble in dilute ammonia solution, upon the 
addition of a little hydrochloric acid. The presence of 
silver and the absence of tin is indicated. 

(ii) The bead gives a clear solution with hydrochloric acid, 
and the addition of mercuric chloride solution produces 
a white precipitate of mercurous chloride. With nitric 
acid, a white insoluble powder (‘‘metastannic acid’’) is 
produced. This test indicates the presence of tin and 
the absence of silver. 

(4) Heat with concentrated sulphuric acid. ^ 

(i) Escaping gas renders a drop of water upon a glass rod 
turbid. JZwride is indicated. 

(ii) Carbon monoxide evolved, which burns with a blue 
flame. Ferrocyanide is indicated. 

(5) Heat upon a platinum wire in the reducing zone of 
the Bunsen flame. 

This process will reduce any sulphate present to sulphide (as 
already indicated in test 3). Upon moistening vrith dilute 
hydrochloric acid, the sulphide will be converted into the com- 
paratively volatile chloride, and the usual flame test is applied. 
The presence of barium or of a mixture of strontium and barium 
will be indicated. 

(6) Apply the microcosmic bead test. 

If a skeleton bead is obtained, silica or a silicate is indicated. 
A negative result does not definitely prove that silica or a 
silicate is absent, as a skeleton is not always formed. The 
silicon tetrafluoride test should then be employed (Section IV, 
26, reaction 6). 
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Heat the bead in the reducing flame in order to test for 
titanium. If the bead is violet when cold (the colour is pro- 
duced more readily by the addition of a minute speck of tin 
or of stannous chloride), the presence of titanium is indicated. 
If iron is also present, the bead will be coloured brownish-red 
in the reducing flame. 

When titanium is found, it is best to fuse with potassium 
pyrosulphate in a silica or platinum crucible, and to extract 
the residue with cold water whereby a solution of titanic sul- 
phate is obtained. 

(7) Heat with sodium carbonate and potassium nitrate. 

This test may be carried out in a loop of platinum wire or 
upon platinum foil or upon a piece of broken porcelain. If 
chromium is present, a yellow melt is produced. This should 
be dissolved in water, acidified with dilute acetic acid, and (a) 
silver nitrate solution added, when brownish-red silver chromate 
is precipitated, (6) lead acetate solution added, when yellow 
lead chromate is precipitated, or (c) 1-2 ml. of diphenyl- 
carbazide reagent added, when a deep red coloration is pro- 
duced. 

(8) Boil with sodium hydroxide solution. 
iC (i) Lead chromate dissolves : 

PbCr04 -+■ 4 NaOH = Na2Cr04 + NagEPbOg] + 2H2O 

(ii) Prussian blue yields ferric hydroxide and sodium ferro^ 
cyanide (see under Iron, Section III, 20, reaction 5), 

(iii) Copper ferrocyanide 37ields copper oxide and sodium 
ferrocyanide. 

(iv) Zinc ferrocyanide yields sodium zincate and sodium 
ferrocyanide, i,e. it dissolves completely. The zinc is readily 
identified by passing hydrogen sulphide into the solution; the 
ferrocyanide (see Section IV, 11) is detected in the filtrate after 
acidifying and boiling off the hydrogen sulphide. 

(v) Alumina and silica may dissolve, forming solutions of 
sodium aluminate and sodium silicate respectively. 

^9) Heat with concentrated hydriodic acid. 

The powdered substance (0*5 gram) should be heated to just 
below the boiling point with hydriodic acid, sp. gr. 1*7* (2*5 ml.). 

♦ Where colour reactions are to be observed, it is rccoinmended that the 
hydriodic acid be decolourised by the addition of 1~2 per cent by volume of 
50 per cent hypophosphorous acid or by warming with a little potassium 
hypophosphi te . 
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(i) Stannic oxide dissolves. A pink to red coloration is 
prodnced when the solution cools; the coloration disappears 
on warming to 90-“100°(7. A yellow’ to orange sublimate of 
stannic iodide is frequently observed. 

Sn02 “h 4HI Sul^, -f- 2 H 2 O 

Upon filtration and dilution, the tin may be precipitated with 
hydrogen sulphide. 

(ii) The sulphates of lead, strontium and barium are 
gradually decomposed and hydrogen sulphide is evolved, which 
is identified by ammoniacal sodium nitroprusside paper (see 
under Sulphides, Section IV, 6, reaction 6). 

PbS04 + llHI = H[Pbl 3 ] + 4I2 + HgS + fflgO 
BaS04 + lOHI = Baig + 4I2 + HgS + 4H2O 

Upon filtration through a sintered glass crucible and dilution, 
golden yellow lead iodide is precipitated from lead sulphate. 
Barium may be detected by the addition of dilute sulphuric 
acid, and strontium by sulphuric acid and ethyl alcohol. 

(iii) The silver halides (dissolve readily in the cold, owing to 
complex formation : 

3AgI + HI = H[Ag3l4]; 

3AgX + 4HI = H[Ag 3 l 4 ] + 3HX (X = Cl or Br) 

Upon warming the solution, the hydrogen halides are expelled 
from solution with effervescence. When the solution is diluted, 
the complex iodo-argentous acid is decomposed and silver 
iodide is precipitated; it is best, however, to expel the excess 
of hydriodic acid by evaporation before diluting with water. 
If lead sulphate was originally present, lead iodide will be 
precipitated on dilution; this can be separated from silver 
iodide by extraction with ammonium acetate solution. 

(iv) Calcium fluoride is attacked by the hot acid, hydrogen 
fluoride being evolved, which will etch glass: 

CaEg + 2HI = Gaig + 2HE 

Upon dilution, neutralisation with ammonia solution and 
addition of ammonium oxalate solution, the calcium is pre- 
cipitated as calcium oxalate. 

(10) Treat with ammonium sulphide solution. 

If the insoluble unknown or the washed residue from the 
aqua regia extraction is white or light-coloured, treat it in a 
porcelain dish or crucible with a few drops of ammonium 
sulphide solution and stir. Lead and silver compounds are 
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probably absent if the colour is unchanged. A blackening of 
the solid indicates that lead and silver compounds may be 
present. 

PREPARING A SOLUTION 

The above preliminary tests may supply valuable informa- 
tion as to the composition of the insoluble substance. In every 
case, the following methods of bringing the substance into 
solution for systematic analysis should be used. 

(a) Removal of lead salts. 

Treat about 1 gram of the insoluble unknown, or the residue 
from the aqua regia extraction, with 3 ml. of concentrated 
ammonium acetate solution slightly acidified with acetic acid. 
(Excess of ammonia solution must be absent to avoid the 
solvent action upon any silver chloride which may be present.) 
Heat the mixture, with stirring, to about 70°C and filter; wash 
with about 5 ml. of water. Test separate portions of the 
combined filtrate and washings for Pb+'^, SO 4 and CP. 
The silver nitrate test for chloride must be conducted in the 
presence of about 10 per cent of the volume of concentrated 
nitric acid and the mixture heated to boiling; silver acetate 
will dissolve under these conditions. If lead salts are found, 
repeat the extraction with ammonium acetate solution and 
wash the residue wdth hot water until the washings give no 
coloration with dilute ammonium sulphide solution. 

Lead sihcate is insoluble in ammonium acetate solution ; it 
will be detected in (c). 

(b) Removal of silver salts. 

Warm the insoluble unknown or the. residue from (a) (if lead 
salts are present) with a concentrated solution of potassium 
cyanide. (If it dissolves completely, only AgCl, AgBr, Agl and 
AgCN are present.) Filter and reserve the residue i? for sub- 
sequent treatment. Dilute the filtrate considerably and treat 
with hydrogen sulphide. Filter off any black precipitate 
(Ag 2 S), wash, dissolve in hot dilute nitric acid and add dilute 
hydrochloric acid. A white precipitate of silver chloride in- 
dicates the presence of 

If silver is found, the halogen with which the metal was 
originally combined is identified by melting another portion of 
the insoluble substance, immersing it in dilute sulphuric acid, 
placing a piece of zinc in contact with the acid and the fused 
mass, warming and allowing to stand for a few minutes. The 
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silver salt is reduced to metallic silver, whilst the acid radicals 
(anions) are present in solution in the presence of zinc ions, i.e. 
as zinc salts. Filter. The filtrate is tested for chloride, 
bromide and iodide in the usual manner; the tests for mixtures 
of these anions are described in Section IV, 45, and in SectiM 
VII, 16, Table A. 

(c) Sodium carbonate fusion. 


The residue E, free from lead and silver salts, or the original substance, 
if lead and silver salts are absent, is mixed with 5-6 times its weight of 
pure, sulphate-free, anhydrous NagCOs or with a mixture of equal parts 
of NaaCOg and K^COg (fusion mixture). The mixture is heated upon 
Ft foil or in a Ni crucible until a tranquil melt is obtained. (It may be 
necessary to heat over the blowpipe flame.) Allow to cool, extract the 
melt thoroughly by boiling it with water. Filter. 


Residue. Wash well, first with 2% 
NagCOg solution, and then with hot 
water. May contain inter alia BaCOg, 
SrCOg, CaCOg, other insoluble car- 
bonates and imattacked GaFg, SnOg, 
SbgO^, AlgOg, FOgOg, CtC. 

Extract with dilute HlSfOg, and filter. 


Residue. If white, 
may contain CaFg, 
SnOg, Sb204, AlgOg, 
SiOg, etc., wMch are in- 
completely attacked 
byNagCOg. Fuse with 
JSTaOH in a M crucible.* 
Allow to cool, extract 
with water and filter. 
The filtrate may con- 
tain sodium stannate, 
sodium antimonate, 
sodium aluminate and 
sodium silicate. 

Test for Sn, Sb and 
Al. 


Filtrate. 
Evaporate 
almo^ to dry- 
ness to remo ve 
HHOg, add 
dilute HCl and 
examine for 
metal ions by 
Table I (Sec- 
tion VII, 6), 


Filtrate. May contain 
ISra 2 Cr 04 , NaEAlOg], Nag[SnOg], 
Ka3As04, NaF, ]Sra2S04 and the 
corresponding K salts, if fusion 
mixtxjre was employed. Acidify 
with concentrated HCl and 
evaporate to dryness in the 
fume cupboard. Triturate the 
dry mass with concentrated 
HCl, add water, warm and filter. 


Residue. Filtrate. Test 
May contain a portion for sul- | 
SiOg.t phate- Examine I 

Confirm by for metals of 
microcosmic Groups II and 
bead test or III. 


by the SiF4 
test in a lead 
capsule. 


Metallic silicides and carborundum are rarely encountered 
in routine qualitative analysis. They are best brought into 

* An alternative procedure is the HagCOg-S fusion method already de- 
scribed under the analysis of metals and alloys (Table XII, Section VII, 19). 

The original insoluble substance may also be subjected to the NagCOg-S 
fusion, and the extract, after acidifying with 1 ; 1 HCl, filtered. Any pre- 
cipitate is washed, dissolved in concentrated HCl and HgS removed by 
boiling: Sb may be detected with Rhodamine-B and Sn with HgClg solution. 

t This precipitate may also contain W03,£cH20 from mineral tungstates 
insoluble in aqua regia. Confirm W by digesting with dilute NHg solution 
to dissolve WOgjajHgO and then apply the SnClg-HCl test. 
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solution by fusion with sodium or potassium hydroxide in a 
silver crucible 

CugSi + 2 KOH + H2O = KgSiOs + 2 Cu + 2H2; 

SiG + 4 KOH + 2H2O == KgSiOs + K2CO3 + 4H2 

During the fusion the liberated hydrogen catches fire forming 
water by combination with the oxygen of the air. Upon 
^ treating the melt with water, the soluble potassium silicate, 
^ etc., is extracted. 

Carborundum when in the form of a fine powder is readily 
decomposed by fusion wdth potassium carbonate in a platinum 
crucible. Upon removing the cover of the crucible the blue 
flame of burning carbon monoxide may be seen* 

SiC + 3K2CO3 = KaSiOa f 2K2O + 4 CO 


CHAPTER VIII 


MODIFICATION OF THE SYSTEMATIC ANALYSIS 
WHEN ORGANIC ACIDS, SILICATES, BORATES, 
FLUORIDES AND PHOSPHATES ARE PRESENT 

Reference has already been made in Chapter VII, Tables I 
and II, to the modification of the analysis after Group II 
necessitated by the presence of various interfering acid radicals 
(anions). It is the express purpose of this Chapter to discuss 
this subject in greater detail in order that the student may 
understand the reason for each operation, and also to indicate 
alternative procedures whereby some of the interfering radicals 
may be removed. 

The interfering acid radicals may be divided into two main 
groups; 

(i) Those which, when present in solution, combine with 
various metals to form stable complex ions (compare Section 
I, 20); this may result in the failure of these metals to precipi- 
tate with the usual group reagent. To this class belong such 
organic acids as oxalic, citric and tartaric acids, and also 
hydroxy compounds, such as sugar and starch. In their 
presence, iron, chromium and aluminium are either iucom- 
pletely precipitated or not precipitated at aU by ammonium 
chloride and ammonia solution. 

(ii) Those which, under certain conditions, form insoluble 
compounds with some of the metals of the later groups. It is 
conceivable, therefore, that under conditions which result in 
the precipitation of the Group IIIA metals, metals of the sub- 
sequent groups will also be precipitated in consequence of the 
formation of compounds which are insoluble or sparingly 
soluble in the presence of ammonium chloride and ammonia 
solution. The most important of these acid radicals are 
oxalates, tartrates, citrates, borates, fluorides and phosphates. 
Silicates are included with these owing to the precipitation of 
gelatinous silicic acid by ammonium chloride and ammonia 
solution (see under Silicates, Section IV, 26, reaction 2). 

Reference to a table of solubilities will show* 

(a) That the oxalates, tartrates and citrates of most of the 
metals of Groups IIIA, IIIB and IV and of magnesium are 
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either insoluble or diflGicultly soluble in water. (It should be 
noted that most oxalates and tartrates, with the exception of 
those of calcium, strontium and barium, form soluble complex 
salts with alkali oxalates and alkali tartrates respectively; 
compare (i) above.) 

(6) That the borates of the metals of Groups IIIA, IIIB and 
IV are insoluble in water; magnesium borate is sparingly 
soluble. (Some of these are, however, soluble in ammonium 
chloride solution.) 

(c) That the fluorides of calcium and magnesium are in- 
soluble, and those of nickel, cobalt, strontium and barium are 
sparingly soluble in water. 

{d) That the phosphates of the metals of Groups IIIA, IIIB, 
IV and of magnesium are insoluble in water. 

Furthermore, the borates, fluorides, phosphates, oxalates, 
tartrates and citrates of the Group IIIA, IIIB and IV metals 
and of magnesium are insoluble in alkaline solution, but dis- 
solve in acid solution. 

It is evident that in the presence of these acids, Group IIIA 
metals cannot be separated from those of the remaining groups 
by the addition of the customary group reagent, NH4CI and 
NH3 solution. The usual scheme of systematic analysis is 
therefore modified when any or all of these anions are present 
before proceeding to the precipitation of Group IIIA. 

The presence of some of these anions will have been indicated 
in the preliminary tests. Organic acids are revealed in the dry 
tests, and particularly by the action of concentrated sulphuric 
acid. In view of the common occurrence of oxalates and the 
somewhat indecisive indications of the preliminary tests, it is 
recommended that this radical be tested for in a portion of the 
filtrate from Group II, from which all the hydrogen sulphide 
has been expelled by boiling. This is most simply carried out 
by adding 1 ml. of CaCl2 solution and 1 ml. of Na.C2H302 
solution to 1 ml. of the solution; if a crystalline precipitate 
forms (the precipitate should not be confused with gelatinous 
CaFg), filter, wash, dissolve in a little hot dilute H2SO4, filter 
and add 2-3 drops of dilute KMn04 solution to the filtrate. If 
the colour of the KMn04 solution is discharged, an oxalate is 
present. 

The presence of fluoride is indicated in the preliminary treat- 
ment with concentrated sulphuric acid; a moistened glass rod 
introduced into the tube becomes covered with a film of 
gelatinous silicic acid. 

The detection of borate is provided for in the preliminary 
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test (ix) of Section VII, 3 , Alternatively, it may be tested 
for after the precipitation of Group II. 

The presence of phosphate is always tested for in the Group II 
filtrate, from which all the H2S has been expelled. To 1 ml. 
of the solution, add 1 ml. of HNO3 and 3 ml. of ammonium 
molybdate solution, and warm to a temperature not exceeding 
40 °. The production of a bright yellow precipitate proves the 
presence of a phosphate (Section IV, 28 , reaction 4 ). 

VIII, 1. PROCEDURE FOR THE REMOVAL OF INTER- 
FERING ACIDS IN SYSTEMATIC QUALITATIVE 
ANALYSIS 

The acids are removed in the following order: 

1. Organic acids. The fiOitrate from Group II is evapo- 
rated to dryness, when some carbon may be liberated and the 
organic acids decomposed. By repeated evaporation with con- 
centrated HNO3, the black residue is completely oxidised. 
The residue must not be heated too strongly as Fe203, Cr203 
and AI2O3 may be rendered very difficultly soluble in HCL 

2. Borates and fluorides. The residue from 1 is re- 
peatedly evaporated almost to dryness with concentrated HCl; 
the HF volatilises with the HCl and the H3BO3 volatilises in 
the steam. 

If borate is present and fluoride is absent, the former may 
be removed by repeated evaporation to dryness on a water 
bath with a mixture of 6 ml, of methyl alcohol (inflammable!) 
and 10 ml. of concentrated HCL The borate slowly volatilises 
as methyl borate, (CH3)3B03 

3. Silicates. The evaporation with concentrated HCl 
converts silicates into an insoluble form of Si02. Hence by 
complete evaporation to drjmess with a further quantity of 
concentrated HCl, extraction with water or dilute HCl, and 
filtration, the silicate is completely eliminated. 

4. Phosphates. There are several methods for the removal 
of phosphate ions: one of these, the zirconium nitrate method, 
has already been outlmed in Table II (Section VII, 7 ). The 
zirconium nitrate procedure is by far the most convenient; if 
correctly performed, all phosphate ions are quantitatively and 
rapidly removed as the highly insoluble zirconium phosphate. 
All the other “phosphate separations’’ are tedious and time- 
consuming, and the quantitative removal of phosphate ions is 
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not always achieved : they are therefore not recommended for 
general use. Only one of the alternative procedures will be 
described in detail, since it incorporates a number of points of 
theoretical interest and is accordingly of some pedagogic value. 
Another procedure is described also since it &ids application 
in the presence of the ''rarer'’ elements. 

Vin, 2. ANALYTICAL PROCEDURES IN THE PRE- 
SENCE OF PHOSPHATES. “PHOSPHATE 
SEPARATIONS” 

The various procedures which have been proposed for the 
removal of the interfering phosphate ions in qualitative analysis 
are all based upon precipitation processes. These include : 

(а) the basic acetate method; 

(б) the ferric chloride method; 

(c) the tin method; 

{d) the stannic chloride method; 

(e) the formate buffer method; and 
(/) the zirconium chloride method; 

the last-named is similar, but inferior, to the zirconium nitrate 
procedure. Only a modification of the basic acetate method 
and also the stannic chloride method will be described here.**' 
The former is given in Table I: it is termed the acetate buffer- 
ferric chloride method. The latter finds application in the 
removal of phosphates when the so-called ''rarer” elements are 
present in Group IIIA (see Section IX, 18). 

* For details of the other procediires, see the Third Edition of this Text 
Book (1945). 
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VIII, 2. Table 1. — Phosphate Separation by the 
Acetate Buifer-FeCla Method 

If a phosphate has been found in Table I (Separation of Cations into 
Groups, Section VII, 6), proceed as follows. Dissolve the ppt. produced 
by the action of NH4CI and a slight excess of NHg solution in the minimum 
volume of dilute HCl. [The ppt. may contain Fe(OH}3, Al(OH)3, 
Cr{OH)3, MnOgjfcHgO, traces of CaFg and the phosphates of Mg and of 
the Group IIIA, IIIB and TV metals.] Test about 0*5 ml. for Fe by the 
addition of K4[Fe(C]Sr)8] or NH4SCN solution. To the main volume of 
the cold solution, add dilute NHg solution dropwise, with stirring, until 
either a faint permanent precipitate is just obtained or until the solution 
is just alkaline (test with litmus paper). Then add 2-3 ml. of dilute 
acetic acid (1 : 1) and 10 ml. of ZN ammonium acetate solution. Dis- 
regard any ppt. which may form at this stage. If the solution is red or 
brownish red, sufficient ferric iron is present (1) in the solution to combine 
with all the phosphate ions. If the solution is not red in colour, add 
“neutral” FeCls solution (2), drop by drop and with stirring, imtil the 
solution acquires a deep brownish-red colour (3). Dilute the solution to 
about 150 ml. with hot water, boil gently for 1-2 minutes, filter hot (4) 
and wash the residue with a little boiling water. 


Residue. May contain the phosphates Filtrate. Boil down in an 
(and, possibly, the basic acetates) of Fe, evaporating dish to 20-26 ml. 
A1 and Cr and also Fe(OH)3. Add 0*5 gram of NH4CI and 

Group IIIA present. then dilute NHg solution in 

Rinse the ppt. into a porcelain dish by slight excess. Ffiter, if neces- 
means of 10 ml, of cold water, add 1-1-5 sary. 
grams of sodium perborate N'aB03,4H20 

(or add 6 ml. of NaOH solution, followed ~ : 

by 6 ml. of 3% HgOg solution), and boil Residue. Filtrate, 
gently imtil the evolution of O2 ceases Examine for Examine for 

(2-3 minutes). Filter and wash with a a 1 and Cr, if Groups IIIB, 

little hot water. not previously IV and for 

tested for. Mg as detailed 

[In general, in General 

Residue. Filtrate. May contain no ppt. will Table I (Sec- 
FeP04 + NaAlOg and Na2Cr04. be obtained tion VII, 6), 

Fe(OH)3. Examine for A1 and Cr as here.] 

Reject. described in Group Separa- 
tion Table VII (Section 
VII, 12). 

Notes, (1) If the reddish-brown colour cannot be seen owing to 
the formation of a precipitate or the presence of coloured ions, fflter 
a small portion of the mixture and render the filtrate alkaline with 
dilute ammonia solution. If a Kght coloured precipitate is obtained, 
more ferric chloride solution should be added to the main mixture 
with stirriug until a similar test gives a reddish-brown precipitate, 
indicating that Fe + + + is present in excess. 

(2) ‘‘Neutral’" FeCla solution is prepared by adding dilute 
ammonia solution dropwise to the side-shelf FeGlg solution until a 
slight permanent precipitate forms; this is filtered off. The side- 
shelf reagent usually contains excess of free hydrochloric acid added 
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during its preparation to produce a clear solution; the free acid leads 
to incomplete precipitation. 

(3) If the colour cannot he seen because of the presence of a 
precipitate or of coloured ions, filter a small portion of the mixture 
and test the filtrate with dilute ammonia solution as in Note 1. 
A large excess of FeCls solution must be avoided since it exerts a 
solvent action on ferric phosphate and the precipitation of the latter 
will be incomplete. 

(4) The addition of filter paper pulp or a Whatman filtration 
accelerator will facilitate filtration. 

Explanation {Table I) 

The theoretical basis of the acetate buff er-FeCla method may 
be summarised as follows : 

(а) FeP 04 , AIPO 4 and, to a lesser extent, CrP 04 are insoluble 
in warm, dilute acetic acid buffered by a solution of ammonium 
acetate : the phosphates of the metak of Group IIIB and IV 
and of Mg are soluble. 

( б ) The precipitation of phosphate ions will be complete only 
if the trivalent ions are present in excess. The procedure 
depends upon having excess of ferric ions present . Ferric iron 
is chosen because (i) it is easy to test for Fe+++ in the filtrate 
from Group II, (ii) ferric phosphate is the least soluble in the 
acetic acid medium and (iii) it can most easily be detected by 
its colour in aqueous solution. Furthermore, the excess of 
ferric ions can be readily removed since ferric acetate is con- 
siderably hydrolysed upon dilution and boiling, and the excess 
of iron is precipitated as basic ferric acetate (or as ferric 
hydroxide occluding large amounts of acetate ions). 

Fe(C2Hs02)3 + 2 H 2 O ^ Fe(OH)2. -h 2H.C2H3O2 

Fe(C2H302)3 + 3 H 2 O Fe(OH)3 + SH.C^HgOg 

The reaction tends to reverse upon cooling, hence filtration of 
the hot solution is desirable. 

(c) The addition of ammonium acetate solution to a solution 
containing iron, aluminium and chromium ions yields the 
acetates of these metals: upon boiling the highly diluted solu- 
tions, the basic acetate of iron is almost completely and that 
of aluminium is largely precipitated. Chromium acetate does 
not appear to form a basic acetate under these conditions, but 
in the presence of considerable quantities of iron and alu- 
minium, chromium is coprecipitated to a considerable extent 
with these two elements either as the basic acetate or as an 
adsorption complex. 
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Phosphate separation by the stannic chloride method. 
—It has been found that a freshly prepared solution of stannic 
chloride readily removes phosphates from solution. It is 
highly probable that the phosphate is removed largely as the 
insoluble stannic phosphate Sn 3 (P 04 ) 4 ; an alternative view is 
that an adsorption complex of phosphoric acid and hydrated 
stannic oxide is formed, but it may well be that both compound 
formation and adsorption play a part. When small amounts 
of phosphates are present, the precipitate filters with difficulty 
and the filtrate may be turbid; in such cases the addition of 
more phosphate, say as diammonium phosphate (NB[ 4 ) 2 HP 04 , 
to the solution before precipitation with the reagent is recom- 
mended. 

The experimental procedure is as follows. Boil the filtrate 
from Group II to remove hydrogen sulphide, dilute to 50 ml., 
add 3 ml. of 5 per cent diammonium phosphate solution (if 
necessary), followed by dilute ammonia solution until the pre- 
cipitate which forms initially does not redissolve on shaking. 
(The pH should be 3*5-4; the use of Congo red or bromophenol 
blue indicator paper is advantageous.) Add 1 ml. of dilute 
hydrochloric acid, heat to boiling and introduce 2 ml. of the 
stannic chloride reagent (prepared by dissolving 5 grams of the 
crystallme salt in 5 ml. of water). Filter 1-2 ml. of the sus- 
pension and test the filtrate for phosphate with ammonium 
molybdate and nitric acid. If the test is positive, add a 
further 0*5 ml. of the stannic chloride reagent to the boiling 
•Suspension; repeat the process until the phosphate test is 
negative. Introduce a Whatman filtration accelerator and 
filter the boiling suspension, preferably with the aid of suction 
(compare Section II, 2, 10) \ wash well with hot water. Treat 
the filtrate and washings with 1 ml. of dilute hydrochloric acid 
and pass hydrogen sulphide until the precipitation of stannic 
sulphide is complete. Filter. Concentrate the filtrate and 
examine it for Groups IIIA, IIIB, IV and V in accordance with 
the General Table I (Section VII, 6). 

If the stannic phosphate precipitate is green in colour, 
chromium may be present. Boil a small portion of the precipi- 
tate with sodium hydroxide solution, allow to cool and add a 
little hydrogen peroxide solution and 1-^2 ml. of amyl alcohol : 
a blue coloration of the amyl alcohol layer confirms chromium. 



CHAPTER IX 


REACTIONS OF SOME OF THE “RARER” ELEMENTS 

No reference has been made in the earlier chapters to the charac- 
teristic reactions of the so-called “rarer” elements. Many of these, 
e,g. tungsten, molybdenum, titanium, uranium and beryllium, have 
important industrial applications, and it was felt that a brief account 
of the analytical chemistry of a number of selected elements might 
usefully be included in this volume. 

The term rarer ” elements as originally employed in the sense 
of their comparative rare occurrence and limited availability must 
now, in a number of cases, be regarded as a misnomer. Large 
quantities of some of these elements are utilised annually, and the 
range of the application is slowly but surely widening. A few 
examples may be mentioned: the use of molybdenum, tungsten, 
titanium and beryllium in the steel industry, of tungsten in the 
manufacture of incandescent lamps and of titanium and uranium 
in the paint industry. The interpretation of the term “rarer” 
elements, as apphed to the elements described in this chapter, is 
perhaps best accepted in the sense of their comparatively rare 
occurrence in routine qualitative analysis. 

No attempt has been made to give more than a short introduction 
to the subject; to economise in space, most of the simple equations 
have been omitted. The elements have been classified, in so far as 
is possible, in the simple Groups with which the student is already 
familiar, and methods of separation have been briefly indicated. 
Thus thallium and tungsten are in Group I; molybdenum, gold, 
platinum, selenium, teUurium and vanadium in Group II; and 
beryllium, titanium, uranium, thorium and cerium in Group III. 
The presence of vanadium will be revealed by the blue colour and 
absence of precipitate produced by hydrogen sulphide in acid solu- 
tion ; its actual isolation as sulphide is effected by the addition of 
acid to the ammonium sulphide solution in Group IIIB. It is 
hoped that the subject-matter of this chapter will suffice to enable 
the student to detect the presence'of one or two of the compounds 
of the “larer” elements in a mixture.* 

Thallium, T1 

Thallium forms two oxides TlgO aad TlgOg which corresponds to the thallous 
thaJlic and salts respectively. The thallous salts are the more stable and hence 

* Such knowledge is required of students preparing for the Associateship of 
the Royal Institute of Chemistry, the Fellowship of the Royal Institute of 
Chemistry in Inorganic aad in Analytical Chemistry and for certain University 
examinations. 
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of greater interest from the analytical viewpoint. Thallic salts are compara- 
tively unstable and readily hydrolyse in solution: thus, when an aqueous 
solution of thallic sulphate or nitrate is boiled thallic hydroxide is precipitated. 
Thallous salts are oxidised to thallic by potassium permanganate, potassium 
ferricyanide, lead dioxide, bromine, chlorine and aqua regia not by con- 
centrated nitric acid). The reduction of thallic to thallous compounds is easily 
effected by stannous chloride, sulphurous acid, ferrous salts, or hydroxylamine. 

IX, lA. REACTIONS OF THALLOUS COMPOUNDS 

Use a solution of thallous nitrate,* TlNOa or of thallous sulphate, 
TI2SO4, [All compounds of thallium are highly poisonous A 

1. Dilute Hydrochloric Acid; white precipitate of thallous 
chloride TlCl, sparingly soluble in cold, but more soluble in hot 
water (compare lead). 

2. Potassium Iodide Solution: yellow precipitate of thallous 
iodide Til, almost insoluble in water; it is also insoluble in cold 
sodium thiosulphate solution (difference and method of separation 
from lead). 

t The spot-test technique is as follows. Place a drop of the faintly 
acid test solution on a black spot plate or upon a blackened watch glass. 
Add a drop of 10 per cent potassium iodide solution and, when a precipi- 
tate appears, a drop or two of 2 per cent sodium thiosulphate solution. 
A yellow precipitate is produced. 

Sensitivity: 0*6 /xg. Tl. Concentration limit: 1 in 80,000. 

The potassium iodide removes mercury as potassium mercuri-iodide 
K 2 [Hgl 4 ], whilst the sodium thiosulphate dissolves lead and silver as 
complex thiosulphates. 

3. Potassium Chromate Solution; yellow precipitate of 
thallous chromate Tl2Gr04, insoluble in cold, dilute nitric or sul- 
phuric acid. 

4. Hydrogen Sulphide; no precipitate in the presence of dilute 
mineral acid. Incomplete precipitation of black thallous sulphide 
Ti2S occurs in neutral or acetic acid solution. 

5. Ammonium Sulphide Solution : black precipitate of thallous 
sulphide TI2S, soluble in mineral acids. The precipitate is oxidised 
to thallous sulphate TI2SO4 upon exposure to air. 

Owing to the slight solubility of thallous chloride, some of the 
thallium is also precipitated in Group IIIB (compare lead). It is 
often, however, precipitated with Group II ions. 

6. Sodium Cobaltinitrite Solution: Kght-red precipitate of 
thallous cobaltinitrite Tl3[Co(N02)6]- 

* Test solutions containing 10 milligrams per ml. of the reactive anion or 
required the “rarer elements” should be prepared by the student when 
cation of(compare Section A, 3); a volume of 5-10 ml. will i:^ually suffice. 
All the tests can be conveniently conducted on the semimicro scale. 
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7. Chloroplatinlc Acid Solution: pale-yellow precipitate of 
tliallous chloroplatmate Tl2[PtCl6], almost insoluble in water (solu- 
bility, 0*06 gram per litre at 15°). 

8 . Potassium Ferricyanide Solution: brown precipitate of 
tbalHc bydroxide, Tl(OH)3 or Tl203,a?H20, in alkaMne solution. A 
similar result is obtained with sodium hypochlorite or hypobromite 
solution or with hydrogen peroxide in alkaline solution. 

TlgSO^ + 4K3[Pe(CN)6] + 6KOH 

= TI 2 O 3 + 4K4[Fe(CN)e] K 3 SO 4 + 3H,0 

P. Ammonium Thiocyanate Solution: white precipitate of 
thallous thiocyanate, TISCN; the precipitate is soluble in hot water. 

IX, IB. REACTIONS OF THALLIG COMPOUNDS 

Use a solution of thaUic chloride TICI3, prepared by dissolving 
thallic oxide or thallic hydroxide in moderately concentrated hydro- 
chloric acid. 

1. Sodium Hydroxide or Ammonia Solution: brown preci- 
pitate of thallic hydroxide, insoluble in excess of the reagent 
(difference from thallous salts, which give no precipitate), but 
readily soluble in hydrochloric acid. 

;2. Hydrochloric Acid: no precipitate (difference from thallous 
salts). 

3. Potassium Chromate Solution: no precipitate (difference 
from thallous salts). 

Potassium Iodide Solution: brownish-black precipitate, 
probably a mixture of thallous iodide and iodine. 

5. Hydrogen Sulphide: reduced to the thallous state wdth the 
precipitation of sulphur. If the acid is neutralised, thallous sul- 
phide TI2S precipitates. 

Dry Test. 

All thallium salts impart an intense green coloration to the Bunsen 
flame. This is best identified (and distinguished from barium) with 
the aid of the spectroscope (see Fig. II, 1 , 5). 

Separation. — ^The element may be precipitated as TlCl in Group 
I, separated from AgCl and Hg2Cl2 by solution m boiling water, 
and from PbCl2 by means of dilute H2SO4; the thallium can then 
be precipitated as Til by the addition of KI solution. It may also 
be separated from lead by precipitation as the iodide and treatment 
with N‘a2S203 solution, in which Pbl2 alone is soluble. Useful con- 
firmatory tests are reaction d (Section IX, lA) and the flame test. 

Any thallium not precipitated in Group I as TlCl, will ultimately 
be found in the precipitate of Group IIIB. It is best to dissolve 
the Group IIIB precipitate in dilute nitric acid, boil to expel H2S, 
add a few drops of sulphurous acid and boil to expel excess of SO2. 
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The resulting solution is then poured into excess of sodium carbonate 
solution when the carbonates of cobalt, nickel^ manganese and zinc 
are precipitated. The thallium remains in solution as thallous 
carbonate and can be precipitated as thallous sulphide TI2S by the 
addition of ammonium sulphide solution. 

TuNGSTSir, W 

Tungsten forms an unstable dioxide WO 2, and a stable, yellow acidic oxide 
WO 3. The latter oxide is almost insoluble in water and in dilute acids, but 
is soluble in solutions of (best in fused) caustic alkalis forming tungstates. 
The latter are the most important compounds of tungsten. 

Timgstates form complex acids with phosphcric, boric and silicic acids; 
tungstic acid cannot therefore be precipitated from these compounds by 
hydrochloric acid. The complexes may usually be decomposed by heating 
with concentrated sulphuric acid, tungstic acid being liberated. 

IX, 2. REACTIONS OF TUNGSTATES 

Use a solution of sodium tungstate, Na2W04,2H20. 

1 . Dilute Hydrochloric Acid: white precipitate of hydrated 
tungstic acid H2WO4.H2O in the cold; upon boiling the mixture, 
this is converted into yellow tungstic acid H2WO4, insoluble in 
dilute acids. Similar results are obtained with dilute nitric and 
sulphuric acids, but not with phosphoric acid. Tartrates, citrates 
and oxalates mhibit the precipitation of tungstic acid. The ppt. is 
soluble in dilute ammonia solution (distinction from Si02,a;H20). 

2 , Phosphoric Acid: white precipitate of phosphotungstic acid 
H3[t04(Wi2036)],5H20, soluble in excess of the reagent. 

B, Hydrogen Sulphide: no precipitate in acid solution. 

4 . Ammonium Sulphide Solution: no precipitate, but if the 
solution is afterwards acidified with dilute hydrochloric acid, a 
brown precipitate of tungsten trisulphide WS3 is produced. The 
precipitate dissolves in ammonium sulphide solution forming a 
thiotungstate (NH4)2[WS4]. 

5 . Zinc and Hydrochloric Acid.— If a solution of a tungstate 
is treated with hydrochloric acid and then a little zinc added, a blue 
coloration or precipitate is produced; this is probahly due to W2O5 
or to WCI5. 

6 . Stannous Chloride Solution: yellow precipitate, which be- 
comes blue upon warming with concentrated hydrochloric acid. 

f The spot-test technique is as follows. Mix 1-2 drops of the test 
solution with 3-5 drops of the stannous chloride reagent on a spot plate. 
A blue precipitate or coloration appears. This is probably due to a 
lower tungsten oxide {WgOs). 

Sensitivity: 5 /Jtg. W. Concentration limit: 1 in 10,000. 

Molybdenum gives a similar reaction. If, however, a thiocyanate is 
added, the red complex ion tM6(SCN)6)] is formed, and upon the 
addition of concentrated hydrochloric acid the red colour disappears 
and the blue colour due to tungsten remains. 
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The spot test is conducted as follows in the presence of moljrbdenum; 

Place a drop of concentrated hydrochloric acid upon filter or drop- 
reaction paper and a drop of the test solution in the centre of the spot. 
A tungstate produces a yellow stain. Add a drop of 10 per cent potas- 
sium thiocyanate solution and a (^op of the stannous chloride reagent; 
a red spot, due to [Mo(SC]Sr)6]"’“”', is produced, but this disappears 
when a drop of concentrated hydrochloric acid is added and a blue 
colour, due to WgOs (?), remains. 

Sensitivity: 4 /xg. W. Concentration limit; 1 in 12,000. 

The reagent consists of a 25 per cent solution of stannous chloride 
in concentrated hydrochloric acid. 

7. Ferrous Sulphate Solution: brown precipitate. This turns 
white upon adding dilute hydrochloric acid, and then yellow upon 
heating (difierence from molybdates). 

Silver Nitrate Solution: pale yellow precipitate of silver 
tungstate, soluble in ammonia solution, decomposed by nitric acid 
with the formation of white hydrated tungstic acid. 

9. KHS 04 -H 2 S 04 -Phenol Test (Defacqz Reaction). — ^A little 
of the solid (or the residue obtained by evaporating a little of the 
solution to dryness) is heated with 4-5 times the weight of potassium 
hydrogen sulphate slowly to fusion, and the temperature is main- 
tained imtil the fluid melt is clear. The cold melt is stirred with 
concentrated sulphuric acid. Upon adding a few mg. of phenol to 
a few drops of the sulphuric acid solution, an intense red coloration 
is produced (difference from molybdate). A reddish-violet colora- 
tion is obtained if hydroquinone replaces the phenol. The test is 
a highly sensitive one and will detect 2 [xg. of tungstate. 

t Heat a few mg. of the solid unknown with 10-20 mg. of potassium 
bisulphate and 2 drops of concentrated sulphuric acid in a small por- 
celain crucible, allow to cool, and add a few mg. of solid phenol. A red 
coloration is produced. 

Dry Test 

Microcosmic salt bead : oxidising flame-colourless or pale-yellow ; 
reducing flame— blue, changing to blood-red upon the addition of a 
little ferrous sulphate. 

Separation.— Tungsten is precipitated in Group I and is asso- 
ciated with Ag in the ammoniacal filtrate of the group separation. 
The filtrate is almost neutralised with dilute HCi (any precipitate 
formed being kept in solution by the addition of ammonia solution), 
and the silver precipitated as Agl by the addition of KI solution. 
The filtrate is CGncentrated, acidified with dilute HCI and reactions 
5, 6 OT 9 applied. 

The following table contains a scheme for the identification of 
thallous thallium and tungsten (as tungstate) in the presence of lead, 
mercurous mercury and silver. 
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IX, 3. Table I.—Analysis of Group I (Silver Group) in the 
presence of T1 and W* 


The precipitate may contain PbCl2, AgOl, HggCla, TlCl and tungstic acid 
(WOgjnHaO). Wash the ppt. on the filter with 2 rol. portions of 2N 
HCl, then 2-3 times with 1 ml. portions of cold water, and reject the 
washings. Transfer the ppt.f to a boiling tube or to a small beaker, 
and boSi with 10-16 ml. of water. Filter hot. 


Residiie. May contain HggCia, AgCl 
and timgstic acid. Wash the ppt. several 
times with hot water until the washings 
give no ppt. with K2Cr04 solution; this 
ensures the complete removal of the Pb 
andTl. 

Pour 5 ml. of warm, dilute NHs solu- 
tion repeatedly through the filter. 


Filtrate, May contain PbClg 
and TlOl; these may crystallise 
out on cooling. 

Evaporate to fuming with 
2-3 ml. of concentrated HaS04, 
cool, dilute to 10-20 ml., cool 
and filter. 


Residue. 
If black, 
consists 
of 

Hg(NH2). 
Cl + Hg. 
Hg (ous) 
present. 


Filtrate, May contain 
[Ag(NH3) JCl and ammonium 
tungstate. Kearly neutralise 
with dilute HCl, add just 
enough dilute NHg solution 
to redissolve any ppt. which 
fomos. Add solution and 
filter. 


Residue. 

Pale 

yellow 

(Agl). 

Ag 

present. 


Filtrate. May 
contain a tung- 
state. Evaporate 
to a small volume, 
acidify with dilute 
HCl, add 3 nal, of 
SnCl 2 solution, 
boil, add 3 ml. of 
concentrated HCl, 
and heat again to 
boiling. 

Blue ppt. or 
coloration. 

W present. 

Confirm by the 
Defacqz reaction. 


Residue. 

If white- 
consists of 
PbS 04 . 

This is 
soluble in 
ammonium 
acetate 
solution; 
K2Cr04 
solution 
then preci- 
pitates 
yellow 
PbCrOi, 
insoluble in 
2N acetic 
acid. 

Pb 

present. 


Filtrate. .May 
contain TI2SO4. 
Just neutralise 
with dilute NH 3 
solution, and 
add KZ solution. 
Yellow ppt. of 
TH, insoluble in 
cold NagSgOs 
solution. 

T1 present. 

Confirm by 
flame test ; 
intense green 
flame. (Use 
spectroscope, 
available.) 


if 


MonYBBBNTJM, Mo 

Molybdenum forms three basic oxides MoO, MoaOs and MoOa* om 
acidic oxide MoOs. The last-named is the most important; it is sparingly 
soluble in water, but dissolves readily in solutions of alkalis forming molyb 
dates. 


* Compare Table III, Section VII, 8. 

t A gelatinous precipitate may also be hydrated silica, which is partiallj 
precipitated here from silicates decomposable by acids. 
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IX, 4, REACTIONS OF MOLYBDATES 

Use a solution of aminonium molybdate (NH4)eMo7024,4H20 . 

1. Dilute HydrocMoric Acid: white or yellow precipitate of 
molybdic acid H2M0O4 from concentrated solutions, soluble in 
excess of mineral acid. 

2 . Hydrogen Sulphide. — ^With a small quantity of the gas and 
an acidified molybdate solution, a blue coloration is produced; 
further passage of hydrogen sulphide jdelds a brown precipitate of 
the trisulphide M0S3, soluble in ammonium sulphide solution to a 
solution containing a thiomolybdate (NH4)2[MoS4], from which 
M0S3 is reprecipitated by the addition of acids. The precipitation 
in acid solution is incomplete in the cold; more extensive precipita- 
tion is obtained by the prolonged passage of the gas into the boiling 
solution and under pressure. Precipitation is quantitative with 
excess of hydrogen sulphide at 0° in the presence of formic acid. 

3. Reducing Agents, e.g, zinc, stannous chloride solution: colour 
a molybdate solution acidified with dilute hydrochloric acid blue 
(probably due to M 0 CI 3 ), then green and finally brown. 

4. Ammonium Thiocyanate Solution: yellow coloration in 
solution acidified with dilute hydrochloric acid, becoming blood-red 
upon the addition of zinc or of staimous chloride on account of the 
formation of ammonium molybdo-thiocyanate (NH4)3[Mo(CNS)6]; 
the latter is soluble in ether. The red coloration is produced in the 
presence of phosphoric acid (difference from iron). 

t The spot-test technique is as follows. Place a drop of the test 
solution and a drop of 10 per cent potassium or ammonium thiocyanate 
solution upon quantitative filter paper or upon drop -reaction paper. 
Add a drop of stannous chloride solution (5 per cent in 3N HCl). A 
red spot is obtained. 

Sensitivity: 0*1 /xg. Mo. Concentration limit: 1 in 500,000. 

If iron is present, a red spot will appear initially but this disappears 
upon the addition of the stannous chloride solution (or of sodium 
thiosulphate solution). Tungstates reduce the sensitivity of the test 
(compare Section IX, 2, reaction d). 

5 . Sodium Phosphate Solution: yellow, crystalliae precipitate 
of ammonium phosphomolybdate in the presence of excess of nitric 
acid (compare Phosphates, Section IV, 28, reaction 4). 

6. Potassium Ferrocyanide Solution: reddish-brown pre- 
cipitate of molybdenum ferrocyanide, insoluble in dilute mineral 
acids, but readily soluble in solutions of caustic alkalis and ammonia 
(difference from uranyl and cupric ferrocyanides). 

7. a-Benzoin Oxime Reagent (or “Cupron” Reagent) 

{C6H6.CHOH.C (=:N0H)C8H5}. 

The molybdate solution is strongly acidified with dilute sulphuric 

19 
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acid and 0*5 ml. of the reagent added. A white precipitate is 
prodnced. 

(^. Potassium Xanthate (or Potassium Ethyl Xauthogenate) 
Test {SC(SK)0C2H5}.— When a molybdate solution is treated with 
a little solid potassium xanthate and then acidified with dilute 
hydrochloric acid, a red-purple coloration is produced. With large 
amounts of molybdenum, the compound separates as dark oily drops 
which are readily soluble in organic solvents such as benzene, chloro- 
form and carbon disulphide. The reaction product has been given 
the formula Mo02[SG(SH)(OC2H5)]2. The test is said to be specific 
for molybdates, although copper, cobalt, nickel, iron, chromium 
and uranium under exceptional conditions interfere. Large quanti- 
ties of oxalates, tartrates and citrates decrease the sensitivity of 
the test, 

t The spot- test technique, for which the reaction is particularly well 
adapted, is as follows. Place a drop of the nearly neutral or faintly 
acid test solution on a spot plate, introduce a ixnnute crystal of potas- 
sium xanthate, followed by 2 drops of 2JV hydrochloric acid. An 
intense red-violet coloration is obtained. 

Sensitivity: 0*04 fig. Mo. Concentration limit: 1 in 250,000. 

t 9 . Phenylhydrazine Reagent (CgHg . NHlSnEIg). — A red coloration 
or precipitate is produced when molybdates and an acid solution of 
phenylhydrazine react. The latter is oxidised by the molybdate to a 
diazonium salt, which then couples with the excess of base in the 
presence of the molybdate to yield a coloured compound. 

Mix a drop of the test solution and a drop of the reagent on a spot 
plate. A red coloration appears. 

Sensitivity: 0*3 fig. Mo, Concentration limit: 1 in 150,000. 

Alternatively, place a drop of the reagent on drop -reaction paper 
and immediately add a drop of the test solution. A red ring forms 
round the spot. 

Se, Te, Sb (III), Sn (W), tungstate, vanadate and oxalate interfere. 

Sensitivity: 0-1 fig. Mo. Concentration limit: 1 in 300,000, 

The reagent consists of a solution of 1 part of phenylhydrazine dis- 
solved in 2 parts of glacial acetic acid. 

10. Ferrous Sulphate Solution: reddish-brown colour. Upon 
adding dilute mineral acid, the colour changes to blue; the colour 
becomes paler and more green upon warming but returns to blue 
on cooling (difierence from tungstate). 

Dry Tests 

(i) Microcosmic salt bead: oxidising flame — ^yellow to green while 
hot and colourless when cold; reducing flame — brown when hot, 
green when cold. 

(ii) Upon evaporation with concentrated sulphuric acid in a 
porcelain dish or crucible, a blue mass (containing “molybdenum 
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tine’’) is obtained. The bine colour is destroyed by dilution with 
water.'" 

Separation.— Molybdenum appears along with As, Sb, Sn, An 
and Pt in the ordinary process of analysis. Upon acidification of 
the yellow ammonium sulphide solution extract and boiling with 
concentrated HCl, M0S3 appears with the AS2S3. The mixture of 
M0S3 and AS2S3 is dissolved in KNTOs, the As removed with the 
magnesium nitrate reagent or with magnesia mixture and the Mo 
detected in the filtrate by test 4 ov 8 ot the dry test (ii). 

See also Table IV in Section IX, 10. 

Goud, Au 

Gold is a very stable metal. It is unattacked by mineral acids, but dissolves 
readily in aqua regia: 

Au + HNO3 + 4 Ha = HEAuClJ + NO + 2H2O 

The metal is also soluble inter alia in chlorine and bromine water forming 
respectively AuCig and AuBrg; these combine with potassium chloride and 
potassium bromide to produce the crystalline aurichloride K[AuCi4] and 
auribromide K[AuBr4] respectively. The commercial metal is usually alloyed 
with copper and/or silver. 

Two oxides Au^O and AugOg are known; these correspond to the aurous 
and auric salts respectively. The latter are the more stable and exhibit a 
marked tendency to form complex salts of the type R[AuX4]. 

IX, 5. REACTIONS OF AURIC COMPOUNDS 

Use a solution of gold chloride (hydrogen aurichloride or auri- 
chloric acid), H[AuCl4],3H20. 

1. Hydrogen Sulphide: black precipitate of aurous sulphide 
AU2S (usually mixed with a little free gold) in the cold, msoluble in 
dilute acids, but largely soluble in yellow ammonium sulphide solu- 
tion, from which it is reprecipitated by dilute hydrochloric acid. 
A brown precipitate of metallic gold, together with aurous sulphide 
and sulphur, is obtained upon precipitation of a hot solution; this 
is also largely dissolved by yellow ammonium sulphide solution. 

2H[AuCl4] + 3 H 2 S = AUgS + 2S + 8HC1 

2. Ammonia Solution: yeUow precipitate of ^‘fulminating 
gold’’; this has been formulated as AU2O3.3NH3 -j- NH(GINH2Au)2 
but the exact composition is not fully established. The dry sub- 
stance explodes upon heating or upon percussion. 

3. Oxalic Acid Solution.— Gold is precipitated as a fine brown 
powder (or sometimes as a mirror) from cold neutral solutions 
(difference from platinum and other Group II metals). Under 
suitable conditions, the gold is obtained in the colloidal state as a 
red, violet or blue solution. 

2H[AuCl4] + 3 H 2 .C 2 O 4 = 2 Au + 8HC1 -f 6 CO 2 

Similar results are obtained with ferrous sulphate solution. Reduc- 
tion also occurs with hydroxylamine and hydrazine salts. 
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4. Stannous Chloride Solution: purple precipitate, “purple of 
Cassius, ” consisting of an adsorption compound of stannous hydrox- 
ide Sn(OH)2 and colloidal gold, in neutral or weakly acid solution. 
In extremely dilute solutions, only a purple coloration is produced. 
If the solution is strongly acid with hydrochloric acid, a dark-brown 
precipitate of pure gold is formed. 

2H[AuCl4] + SSnaa =: 2Au + 3SnCl4 + 2HC1 

5 . Hydrogen Peroxide: the finely divided metal is precipitated 
in the presence of sodium hydroxide solution (distinction from 
platinum). The precipitated metal appears brownish-black by 
reflected light and bluish-green by transmitted light. 

2H[AuCl4] -f 3H2O2 + 8NaOH = 2Au + SKaCl + 30a + SHgO 

d. Sodium Hydroxide Solution: reddish-brown precipitate of 
auric hydroxide Au(0H)3 from concentrated solutions. The precipi- 
tate has amphoteric properties ; it dissolves in excess of alkali 
forming aurates containing the [AUO2]'’ ion. 

f 7. para - Dimethylamino - benzylidene - rhodanine Reagent* : 
red-violet precipitate in neutral or faintly acid solution. Silver, mercury 
and palladium salts give coloured compounds with the reagent and must 
therefore be absent. 

Moisten a piece of drop-reaction paper with the reagent and dry it. 
Place a drop of the neutral or weakly acid test solution upon it. A 
violet Spot or ring is obtained. 

Sensitivity : 0*1 fig. Au. Concentration limit : 1 in 500,000. 

The reagent consists of a 0*03 per cent solution of p -dimethylamino - 
benzylidene -rhodanine in acetone. 

Dry Test 

AU gold compounds when heated upon charcoal with sodium 
carbonate yield yellow, malleable, metallic particles, which are 
insoluble in nitric acid, but soluble in aqua regia. The aqua regia 
solution should be evaporated to dryness, dissolved in water and 
tests 1, 3 OT 4 appHed. 

Separation.— Gold is usuaUy detected and determined by dry 
methods. In the wet way, it is precipitated by H2S in Group II, 
dissolved by yeUow ammonium sulphide solution and reprecipitated 
from the latter by concentrated HCl along with AS2S3 and M0S3. 
Separation from AS2S3 and M0S3 is eflected by concentrated HNOg, 
in which the gold precipitate is insoluble. The gold may then be 
dissolved in aqua regia and identified by reactions i, 3 or 4. See 
also Table II in Section IX, 10. 

Platinum, Pt 

Platinum, like gold, is unattacked by mineral acids; it dissolves in aqua 
regia to form a yellowish-orange solution of chloroplatinie acid H 2 [PtCl 6 ]: 

3Pt -f 4 HNO 3 + 18HC1 = SHaEPtCle] + 4NO -f SHgO 
This acid and its salts are the most commonly occurring platinum compounds. 


* For formula, see imder Silver, Section III, 4, reaction 7. 
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IX, 4 REACTIONS OF CHLOROPLATINATES 

Use a solution of chloropiatinic acid, H2[PtCie],6H20.'** 

1. Hydrogen Sulphide : black (or dark brown) precipitate of the 
disulphide PtS 2 (possibly containing a little elementary platinum), 
slowly formed in the cold, but rapidly on warming. The precipitate 
is insoluble in concentrated acids, but dissolves in aqua regia and also 
in yellow ammonium sulphide solution ; it is reprecipitated from the 
last-named solution of thio salt by dilute acids. 

HaEPtCie] + SHgS = PtSa + 6HC1 

2, Potassium Chloride Solution: yellow precipitate of potas- 
sium chloropiatinate K 2 [PtCl 6 ] from concentrated solutions (dif- 
ference from gold). A similar result is obtained with ammonium 
chloride solution, 

5. Oxalic Acid Solution: no precipitate of platinum (difference 
from gold). Hydrogen peroxide and sodium hydroxide solution 
likewise do not precipitate metallic platinum. 

i. Formic Acid: black powder of metallic platinum from neutral 
boiling solutions. 

NaaCPtCle] + 2HCOOH = Pt + 2NaCl + 4HC1 + 2 CO 2 

6. Zinc, Cadmium, Magnesium or Aluminium: all these 
metals precipitate finely divided platinum. 

HaEPtClg] + 3Zn = 2Pt + SZnCla + H^ 

6, Hydrazine Hydrochloride: ready reduction in ammoniacal 
solution to metallic platinum, some of which is deposited as a mirror 
upon the sides of the tube. 

(NH4)2[PtCl6] + XaH4,2HCi + CNHa = + Pt 

7. Silver Nitrate Solution: yellow precipitate of silver chloro- 
platinate Ag 2 [PtCle], sparingly soluble in ammonia solution but 
soluble in solutions of alkali cyanides and of alkali thiosulphates. 

S, Potassium Iodide Solution: intense brownish-red or red 
coloration, due to [Ptlg] ions. With excess of the reagent 
K 2 [Ptl 6 ] may be precipitated as an unstable brown solid. On 
warming, black Ptl^ may be precipitated. 

9, Stannous Chloride Solution; red or yellow coloration, due 
to colloidal platinum, soluble in ethyl acetate or in ether. 

t To employ this reaction as a spot test in the presence of other noble 
metals (gold, paUadiiim, etc.), the platinum is fixed as thallous chloro- 
platinate TlgLPtCle], which is stable to ammonia solution; upon washing 
the precipitate with ammonia solution, the thallium complexes with 
gold, palladium, etc., pass into solution. 

Place a drop of saturated thallous nitrate solution upon drop-reaction 
paper, add a drop of the test solution and then another drop of the 


♦ Commonly called ‘^platinic chloride.” 
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thallous nitrate solution. Wash the precipitate with ammonia solution, 
and add a drop of strongly acid stannous chloride solution. A yellow 
or orange spot remains. 

Sensitivity: 0*5 fig, Pt. Concentration limit: 1 in 80,000. 
flO, Rubeanic Acid (or Dithio-oxamide) Reagent 


' HaN— (>~C— NHa 
II 11 
S S 



a purplish -red precipitate of the complex 


Pt 


/^NH,-^0=S 
\\s — -C=NH 



is formed. Palladium and a large proportion of gold interfere. 

Place a drop of the test solution (acid with HCl) upon a spot plate 
and add a drop of the reagent. A purplish -red precipitate is produced. 


Concentration limit: 1 in 10,000. 


The reagent consists of a 0*02 per cent solution of rubeanic acid in 
glacial acetic acid. 


Dry Test 

All platinum compounds when fused with sodium carbonate upon 
charcoal are reduced to the grey, spongy metal (distinction from 
gold). The residue is insoluble in concentrated mineral acids, but 
dissolves in aqua regia. The solution is evaporated almost to dry- 
ness, dissolved in water and reactions 1, 2, 5, 9 or 10 applied. 

Separation. — ^Platinum is precipitated in Group II as PtS 2 . 
The Group IIB metals are extracted with yellow ammonium sul- 
phide solution and reprecipitated with HCL The sulphides of As, 
Sb, Sn, Au, Pt and Mo are dissolved in aqua regia, the excess of 
acid evaporated and NH 4 CI solution added. A yellow precipitate 
of (]N'H 4 ) 2 [PtCIg] indicates the presence of Pt. The filtrate is treated 
with FeS 04 solution; Au is precipitated and is removed. The 
filtrate is again treated with HgS to reprecipitate As, Sb, Sn and 
Mo as sulphides, which are filtered off. These sulphides are then 
separated as described under Molybdates (Section IX, 4). 

See also Table II in Section IX, 10. 


PAIil/AnitTM, Pd 

Palladium, unlike platinum, is slowly dissolved by concentrated 
nitric acid {forming a brown solution of palladous nitrate, Pd(]Sr 03 )a}, 
and by hot concentrated sulphuric acid (forming palladous sulphate, 
PdSOi; the latter is readily produced by fusing with potassium pyro- 
sulphate). The metal dissolves readily in aqua regia yielding a mixtme 
of palladous and palladic chlorides or, more probably, the complex 
acids HglPdCl^] and HalPdCle]: upon evaporation to dryness, the latter 
loses chlorine so that on treating the residue with water a solution of 
palladous chloride or of chloropalladous acid H 2 [PdCl 4 ] is obtained. 
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Palladium forms two oxides, PdO and PdO^; palladous eompomids 
may be regarded as derived from the former and paliadic compounds 
from the latter. The palladous compounds are by far the more stable 
and their reactions will be studied. 

IX, 7. REACTIONS OF PALLADOUS COMPOUNDS 

Use a solution of palladous chloride, PdCl 2 . 

1, Hydrogen Sulphide: black precipitate of palladous sulphide 
PdS from acid or neutral solutions. The precipitate is insoluble in 
ammonium sulphide solution. 

2, Sodium Hydroxide Solution: reddish-brown, gelatinous 
precipitate of the hydrated oxide Pd 0 ,^H 20 (this may be con- 
taminated with a basic salt), soluble in excess of the precipitant. 

3, Ammonia Solution: red precipitate of [Pd(NH 3 ) 4 ][PdCl 4 ], 
soluble in excess of the reagent to give a colourless solution of 
[Pd(NH 3 ) 4 ]Cl 2 . Upon acidifying the latter solution with hydro- 
chloric acid, a yellow crystalline precipitate of [Pd{NHg) 2 Cl 2 ] is 
obtained. 

4, Potassium Iodide Solution: black precipitate of palladous 
iodide Pdl 2 in neutral solution, soluble in excess of the reagent to 
give a brown solution of K 2 [Pdl 4 ]. In acid solution, black Pdig is 
precipitated. 

5, Mercuric Cyanide Solution: white precipitate of palladous 
cyanide Pd(CN )2 (difference from platinum), difficultly soluble in 
dilute hydrochloric acid, readily soluble in potassium cyanide solu- 
tion and in ammonia solution. 

6, a-Nitroso-jS-naphthol Solution: brown, voluminous preci- 
pitate of Pd(CioH 602 N )2 (difference from platinum). 

The reagent consists of a cold, saturated solution of a-nitroso-j8- 
naphthol in 50 per cent acetic acid. 

7, Reducing Agents (Cd, Zn or Fe in acid solution, formic acid, 
sulphurous acid, etc.) : black, spongy precipitate of metallic pal- 
ladium, ‘'palladium black.” Stannous chloride yields a brown 
suspension containing metaUic palladium. 

8, Dimethylglyoxime Reagent: yellow, crystalline precipitate 
of palladium dimethylglyoxime Pd(C 4 H 702 N 2 ) 2 > insoluble in N 
hydrochloric acid (difference from nickel and from other platinum 
metals) but soluble in dilute ammonia solution and in potassium 
cyanide solution (compare Nickel, Section III, 25, reaction 8). 

Salicylaldoxime reagent also precipitates palladium quantitatively 
as Pd(C7H602N)2 (compare Section III, 8, reaction 10) (difference 
from platinum). 

t Place a drop of the slightly acid solution on a microscope slide and 
add a minute crystal of dimethylglyoxime. After some minutes, a 
yellow precipitate is formed. This consists of long, very characteristic 
needles when examined under a microscope ( x 75). 
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Platinmn does not interfere, but gold and nickel give a similar reaction. 
Concentration limit: 1 in 10,000.^^ 

A useful spot test utilises tbe fact that a suspension of red nickel 
dimethylglyoxime in water when treated with a neutral or acetic acid 
solution of a palladium salt yields the yellow palladium dimethyl- 
glyoxime, which is sparingly soluble in dilute acids. The test is best 
performed with dimethylglyoxime paper: the latter is prepared as 
follows. Immerse drop -reaction paper in a cold, saturated alcoholic 
solution of dimethylglyoxime, dry, then immerse again in a solution 
of 2iV nickel nitrate rendered barely ammoniacal: the nickel complex 
precipitates; wash thoroughly with water, immerse in alcohol and dry. 

Place a drop of the neutral or acetic acid test solution upon nickel 
dimethylglyoxime paper, and almost dry by waving over a flame. 
Immerse the paper in dilute hydrochloric acid until the surface sur- 
rounding the fleck becomes white, and then wash the paper with cold 
water. A pink to red spot remains, depending upon the quantity of 
palladium present. The acid-stable palladium dimethylglyoxime at 
the site of the fleck protects the underlying red nickel dimethylglyoxime 
from attack by the acid. 

Sensitivity: 0-05 /xg. Pd. Concentration limit: 1 in 1,000,000, 

9 , Mercurous Chloride: reduced to metallic palladium. 

PdCla + HgsClg ^ Pd + 2HgCl2 

Shake the slightly acid test solution with solid mercurous chloride 
in the cold. The solid acquires a grey colour. 

Concentration limit: 1 in 100,000. 

Separation. Palladium is precipitated in Group II as PdS ; it 
is insoluble in yellow ammonium sulphide solution and therefore 
accompanies the elements of Group IIA. It is ultimately identified 
in acid solution as the dimethylglyoxime complex. 

Selenium, Se 

Selemum resembles sulphur in many of its properties. It is converted by 
nitric acid or by aqua regia into selemum dioxide SeO 2 (or selenious acid 
HgSeOg). In analytical work the element is most frequently encountered in 
the form of selenites RgSeOs and as the less stable selenates BgSeO^. 

IX, 8A. REACTIONS OF SELENITES 

Use a solution of selenious acid, H 2 Se 03 ,* or of sodium selenite, 
lSra2Se03,5H20. 

1 . Hydrogen Sulphide: yellow precipitate, consisting of a 
mixture of selenium and sulphur, in the cold, becoming red on 
heating. The precipitate is read% soluble in yellow ammonium 
sulphide solution. 

HgSeOg + 2HaS = Se + 2S + SHgO 

2. Reducing Agents (sulphur dioxide, solution of stannous 
chloride, ferrous sulphate, hydroxylamine hydrochloride, hydrazine 

* Also produced by dissolving selemum dioxide SeO 2 in water. 
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hydrocMoride or hydriodic acid (EJ + HCi), zinc or iron}: red 
precipitate of seienimn in hydrochloric acid solution. The precipi- 
tate frequently turns greyish-black on warming. When solutions 
in concentrated hydrochloric acid are boiled or evaporated, serious 
losses of selenium as SeCl 4 occur. 

S, Copper Sulphate Solution: bluish-green, crystalline precipi- 
tate of copper selenite CuSeOs in neutral solution (difference from 
selenate). The precipitate is soluble in dilute acetic acid. 

4, Barium Chloride Solution: white precipitate of barium 
selenite BaSeOs in neutral solution, soluble in dilute mineral acids. 


f5. Thiourea Test {CS(NH 2 ) 2 }« — Solid or dissolved thiourea precipi- 
tates seienimn as a red powder from cold dilute solutions of selenites. 
Tellurimn and bismuth give yellow precipitates, whilst large amounts 
of nitrite and of copper interfere. 

Place a little powdered thiourea on quantitative filter paper and 
moisten it with a drop of the test solution. Orange-red selenium 
separates out. 

Sensitivity: 2 ftg. Se. 


Hydriodic Acid Test. — Selenites are reduced by hydriodic acid 
(or by potassium iodide and hydrochloric acid) : 

HgSeOg -f 4 HI = Se + 2I2 -f SHgO 

The iodine is removed by adding a thiosulphate, and the selenium 
remains as a reddish-brown powder. Tellurites react under these con- 
ditions forming the complex anion [Telg] , which also has a reddish 
brown colour; it is, however, decomposed and decolourised by a thio- 
sulphate, thus permitting the detection of selenium in the presence of 
not too large an excess of tellurium. 

Place a drop of concentrated hydriodic acid (or a drop each of con- 
centrated potassium iodide solution and of concentrated hydrochloric 
acid) upon drop-reaction paper and introduce a drop of the acid test 
solution into the middle of the original drop. A brownish-black spot 
appears. Add a drop of 5 per cent sodium thiosulphate solution to the 
spot; a reddish-brown stain of elementary selenium remains. 

Sensitivity: 1 /Ag. Se (in 0*025 ml.). Concentration limit; 1 in 25,000, 

t 7. Pyrrole Reagent 


CH CH . 

\ / / 


NH 


Selenious acid oxidises pyrrole to a blue dyestuff of imknown com- 
position (“pyrrole blue’' ). Iron salts accelerate the reaction when it is 
carried out in phosphoric acid solution, Selenic, tellurous and telluric 
acids do not react under the conditions given below: the test therefore 
provides a method of distinguishing selenites and selenates. 

Place a drop of 5 per cent ferric chloride solution and 7 drops of 
syrupy phosphoric acid (sp. gr. 1*75) on a spot plate containing 1 drop 
19 *^ 
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of the test solution and stir well. Add a drop of the pyrrole reagent 
and stir again. A greenish-blue coloration is obtained. 

Sensitivity : 0*5 jag. Se. Concentration limit : 1 in 100,000. 

The reagent consists of a 1 per cent solution of pyrrole in aldehyde- 
free ethyl alcohol. 

8 . Ammonium Thiocyanate and Hydrochloric Acid.— 
Selenites are reduced in acid solution to elementary selenium: 

2 H 2 Se 03 + HSCN = 2Se + CO 2 + ]SrH 4 HS 04 

Mix 0*5 ml. of the test solution with 2 ml. of saturated ammonium 
thiocyanate solution and 5 ml. of QN hydrochloric acid, and boil for 
30 seconds. A red coloration, due to selenium, is produced. 

This sensitive test may be adapted to the semimicro scale: the con- 
centration limit is 1 part in 100,000. The following interfere: arsenic 
(III), antimony (III), iron (II) and molybdates, 

IX, 8B. REACTIONS OF SELENATES 

Use a solution of potassium selenate, K2Se04 or of sodium 
selenate, Na2SeO4,I0H2O. 

1 , Hydrogen Sulphide; no precipitation occurs. If the solution 
is boiled with concentrated hydrochloric acid, the selenic acid is 
reduced to selenious acid; hydrogen sulphide then precipitates a 
mixture of selerdum and sulphur. 

H2Se04 4 - 2 Ha = HgSeOg + CI2 + HgO 

2. Sulphur Dioxide: no reducing action. 

3 . Copper Sulphate Solution: no precipitate (difference from 
selenite). 

4 , Barium Chloride Solution: white precipitate of barium 
selenate BaSe04, insoluble in dilute mineral acids. The precipitate 
dissolves when boiled with concentrated hydrochloric acid, and 
chlorine is evolved (distinction and separation from sulphate). 

BaSe04 -f 4HC1 = HaSeOg + BaClg + CI 2 + HgO 
Dry Tests 

(i) All selenium compounds when mixed with sodium carbonate 
and heated upon charcoal emit the odour of rotten horseradish. 
A foul odour, due to hydrogen selenide HgSe, is obtained upon 
moistening the residue with a few drops of dilute hydrochloric acid. 
A black stain (due to Ag2Se) is produced when the moistened residue 
is placed in contact with a silver coin. 

(ii) Elementary selenium dissolves in concentrated sulphuric acid 
to yield a green solution, due to the presence of the compound SSeOg. 
Upon dilution with water, red selenium is precipitated. 

Separation. — See under tellurium (Section IX, 9). 
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Tellubtom, Te 

Telluriuni is less widely distributed in nature than selenium; both elements 
belong to Group VI of the periodic system. When fused with potassium 
cyanide, it is converted into potassium telluride KgTe, which dissolves in 
water to yield a red solution. If air is passed through the solution, the 
tellurium is precipitated as a black powder (difference and method of separa- 
tion from selenium). Selenium under similar conditions yields the stable 
potassium selenocyanide KSeGN; the selenium may be precipitated by the 
addition of dilute hydrochloric acid to its aqueous solution, 

2 KCN -f Te = K^Te -f (0^)5^; 

2 K2Te + 2H2O + Ojs = 2 Te + 4 KOH 
KGN + Se = KSeCN 
KSeCN + Ha = Se + KOI + HGN 

Tellurium is converted into the dioxide TeOg by nitric acid. Like sulphur 
and selenium, it forms two series of salts, the tellurites R2T6O3 and the 
teUurates R2Te04. 

IX, 9A. REACTIONS OF TELLURITES 

Use a solution of sodium or potassium tellurite, ]Sra 2 Te 03 or 
K2T6O3. 

1. Hydrogen Sulphide: brown precipitate of the disulphide TeS^ 
from acid solutions. The sulphide decomposes easily into tellurium 
and sulphur, and is readily soluble in ammonium sulphide solution 
but insoluble in concentrated hydrochloric acid. 

2. Sulphur Dioxide; complete precipitation of tellurium from 
dilute (1-5 A") hydrochloric acid solutions as a black powder. In 
the presence of much concentrated hydrochloric acid, no precipitate 
is formed (difference and method of separation from selenium). 

5. Ferrous Sulphate Solution: no precipitation of tellurium 
(difference from selenium). A similar result is obtained with 
hydriodic acid (KI + HCl). 

4. Stannous Chloride or Hydrazine Hydrochloride Solution 
or Zinc: black tellurium is precipitated. 

5. Dilute Hydrochloric Acid: white precipitate of tellurous 
acid H 2 Te 03 (difference from selenite), soluble m excess of the 
precipitant. 

d. Barium Chloride Solution: white precipitate of barium 
tellurite BaTeOg, soluble ha dilute hydrochloric acid but insoluble 
in 30 per cent acetic acid. 

7. Potassium Iodide Solution; black precipitate of Tel 4 in 
faintly acid solution, dissolving m excess of the reagent to form the 
red potassium teUuri-iodide K 2 [Tel 6 ] (difference from selenite). 

Hypophosphorous Acid TesL—Both tellurites and teUurates 
are reduced to tellurium upon evaporation with hypophosphorous acid: 

HssPOg" + TeOa"" - PO4”"'" + Te + H^O; 

SHgPOa*" + 2Te04""' = SPO^"*'’ + 2 Te + 2 H+ + 
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Selenites are likewise_ reduced to selenium. If, however, the solution 
of the selenite in concentrated sulphuric acid is treated with sodium 
sulphite, selenium separates but the tellurite is unaffected; the latter 
can be detected in the solution after eliminating the sulphur dioxide. 
Salts of silver, copper, gold and platimun must be absent for they are 
reduced to the metal by the reagent. 

Mix a drop of the test solution in mineral acid and a drop of 50 per 
cent hypophosphorous acid in a porcelain microcmcible, and evaporate 
almost to drjmess. Black grains or a grey stain of tellurium are 
obtained. 

Sensitivity; 0*1 ftg. tellurous acid; concentration limit: 1 in 500,000; 
0*6 ^g. telluric acid; concentration limit: 1 in 100,000. 


IX, 9B. REACTIONS OF TELLURATES 

Use a solution of potassium teUurate, K 2 Te 04 . 

J. Hydrogen Sulphide: no precipitate in hydrochloric acid 
solution in the cold. In hot acid solution, the teUurate is first 
reduced to tellurite, and precipitation of the teUurium then occurs 
(compare Section IX, 9A). Other reducing agents give similar 
results. 

K2Te04 + 2HC1 == KgTeOa + HgO + Clg 

2. Hydrochloric Acid: no precipitate in the cold. Upon boiling 
the solution, chlorine is evolved; teUurous acid H 2 Te 03 is thrown 
down upon dilution (distinction from selenium). 

K2Te04 + 4HC1 = HgTeOa + 2KC1 + HgO + Gig 

S. Barium Chloride Solution: white precipitate of barium 
teUurate BaTe 04 from neutral solutions; the precipitate is readily 
soluble in dilute hydrochloric acid and in dUute acetic acid (dis- 
tinction from selenate). 

4 . Potassium or Sodium Iodide Solution: yeUow to red 
colour, due to [Tele] , from dilute acid solutions (difference from 
tellurites). 

5, Reducing Agents.--No precipitate is produced in cold solu- 
tions with hydrogen sulphide or sulphur dioxide : with hot solutions, 
or with solutions that have been boiled with hydrochloric acid, 
precipitates of brown TeS (or Te + S) and of black Te respectively 
are formed. Stannous chloride, hydrazine or zinc in acid solution 
give black tellurium upon warming. 

Dry Tests 

(i) Fusion of any tellurium compound with sodium carbonate 
upon charcoal results in the formation of sodium teiluride NagTe, 
which produces a black stain (due to AggTe) when placed in contact 
with a moist silver coin. 
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(li) Elementary tellurium dissolves in concentrated sulphuric 
acid to 3deld a red solution, due to the presence of STeOs. Upon 
dilution with water, grey tellurium is precipitated. 

Separation. — Selenium and tellurium are precipitated in Group 
II as the yellow Se-S mixture and brown Te-S mixture respectively. 
Both dissolve in ammonium sulphide solution and are precipitated 
with AsgSg upon the addition of concentrated HCL They may be 
identified by the H2SO3 tests. 

The following table contains a scheme for the separation of the 
Group II elements in the presence of Mo, Au, Pt, Pd, Se and Te. 


IX, 10. Table 11. — ^Analysis of Group II (Copper and Arsenic 
Groups) in the presence of Mo, Au, Pt, Pd, Se and 

Hydrogen sulphide in acid solution precipitates Mo,t Au, Pt, Pd, Se 
and Te in addition to the “common” elements of Group II. Extraction 
of the group precipitate with yellow ammonium sulphide solution brings 
the greater part of the “rarer” elements (excluding PdS) into Group IIB 
(arsenic group) but not completely, for appreciable quantities of Mo, 
Au and jpt, as well as all the Pd, remain in the Group IIA (copper 
group) precipitate. The latter three elements and also Pd are therefore 
also tested for in Group IIA. 


Transfer the Group II precipitate, which has been well washed with 
5% NH 4 Ci solution that has been saturated with H 2 S, to a porcelain dish, 
add 5-10 ml. of yellow ammonium sulphide solution, heat to 50-60 
and maintain at this temperature for 3-4 minutes with constant stirring. 
Filter. Wash the precipitate with dilute (1 ; 100) ammonium sulphide 
solution. 

Residue. May contain HgS, 
PbS, BiaSg, CuS, CdS, PdS 
together with Au, Pt, Mo (trace), 
Sn (trace) as sulphides. 

Group IIA present. 

Filtrate. May contain solutions of 
the thio-salts of As, Sb and Sn together 
with Mo, Au, Pt, Se and Te. Just 
acidify by adding concentrated HCl 
drop by drop (test with litmus paper) 
and warm gently. 

A coloured precipitate indicates 
Group IIB present. 


* Compare corresponding tables in Section VII, 9 to VII, 11. 
t Por the almost complete precipitation of Mo in Group 11, it has been 
recommended that the solution be jSrst saturated in the cold with hydrogen 
sulphide, then transferred to a pressure bottle and heated on a water bath. 
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Proceed to the analysis of Groups IIA and IIB as detailed below. 

IX, 10. Table III. — Analysis of Group IIA (Copper Group) 


The precipitate may contain HgS, PbS, BigSs, CuS, CdS and PdS, 
together with Au and Pt and also Mo sulphide (trace). Transfer to a 
beaker or porcelain dish, add 5-10 ml. of dilute HNO 8, boil for 2-5 
minutes and filter. 


Residue. May contain HgS, Pt and Au. 

Boil with concentrated HCl and a little 
bromine water, and filter, if necessary, from 
traces of SnOg and PbS 04 which may 
separate here. Add KOI solution and HCl, 
and concentrate the solution. Filter. 


Residue. 

Filtrate. 

May contain 

Yellow 

AuCla and HgClj. 

and 

Boil to remove excess of 

crystalline 

acid, render 

alkaline with 

K^fftClg]. 

ISTaOH solution and boil with 

Pt 

present. 

excess of oxalic acid. Filter. 


Residue. 

Filtrate. May 


Brownish- 

contain HgClg. 


black or 

Add a few (hops 


purplish- 

of SnClg solution. 


black. 

White or grey 


Au present. 

ppt-* 

Hg present. 


Filtrate. May contain 
nitrates of Pb, Bi, Gu, Gd 
and Pd. 

Examine for Pb, Bi, Cu 
and Cd by Table V in 
Section VII, 10. After 
separation of Cu and Cd, 
acidify the solution with 
dilute HCl, introduce a few 
zinc granules and after 
several niiautes filter off 
any solid and wash with 
water. Dissolve the ppt. 
in 2 ml. of aqua regia, 
evaporate just to dryness, 
dissolve the residue in N 
HCl and add dimethyl- 
glyoxime reagent. 

Yellow ppt. 

Pd present. 


* Alternatively, the ethylenediamine test, Section HI, 5, reaction 7, may 
be applied to the neutral or slightly ammoniacal solution. 






Eeactions of seme of the Elements 


IX, 10. Table IV. — ^Analysis of Group IIB (Arsesiic Group) 


Transfer the ppt. to a small conical flask, add 5 ml. of concentrated HCl, 
and boil gently for 5 minntes (with funnel in mouth of flask). Dilute 

with 2-3 ml. of water, and filter. ^ 

' Residue. May contain As, An, Pt, Mo, Se and Te as Filtrate. May 
sulphides. Dissolve in concentrated HCl + a little contain Sb and 
solid KClOg; concentrate the solution to the crystallisa- Sn as cMorides 
tion point (use a water bath to reduce loss of Se to a or complex 

minimum). Filter. chloro-acids. 

Residue. I Filtrate. May contain As, Au, Mo, Se Examine by 


Residue. 

Yellow 

Pt 

present. 
Confirm 
by dis- 


and Te as chlorides or acids. Render alka« 
line with ammonia solution, add Mg(]SrOs )2 
reagent or magnesia mixture, allow to stand 
for 5 minutes with frequent stirring or 


Table VI in 
Section VII, 11. 


shaking. 

Residue. 


solving in White 


a little 
hot water 
and add- 
ing KI 
solution. 
Red or 
brownish- 
red 

coloration. 
Alterna- 
tively, 
apply the 
rubeanic 
acid test 
(Section 
IX, 6, re- 
action 10 ). 


crystal- 

line 

Mg(NH4). 

ASO4,- 

6H2O. 

As 

present. 


Filter. 

Filtrate. May contain Au, Mo, Se and Te 
as chlorides or acids. Concentrate to remove 
ammonia, boil with several ml. of saturated 
oxalic acid solution, dilute, boil and filter. 
Extract ppt. with HCl to remove coprecipi- 

tated tellurous acid. 

Residue. Filtrate. Concentrate with 
Brownish- strong HCl on a water bath and, 
black or after removing the precipitated 
purplish- KCl, treat with a slight excess of 

black. solid NagSQs. Filter. 

Au Residue. Filtrate. Dilute with 
present. Red. an equal volume of 

Se water, and add succes- 

present. sively a little KI solu- 
tion and excess of solid 
NagSO® whereby the 
KgETelg] is reduced to 
Te. Filter. 

Residue. Filtrate. 
Black. Boil with HCl 

Te to remove 

present, dissolved SO 2 

and treat suc- 
cessively with 
10 per cent 
NH4SCKS0IU. 
tion and a 
little SnClg 
solution. 

Red colora- 
tion, soluble 
in ether. 

Mo present. 

Confirm by 
potassium 
xanthate test 
or by the a- 
benzoin oxime 
test. 
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If Pt, An, Se and Te are known to be absent, Table IV may 
be simplified as follows. 


■ Boil the Group ppt. with 5 ml. of concentrated HCl for 5 minutes, dilute 
with ml. of water, pass for 1 minute (to reprecipitate small 

amounts of As that may have dissolved) and filter. 

Residue. May contain AsgSg (or AsgSg) and MoSg. 
Wash with dilute HCl, followed by water; reject the 
washings. Warm the ppt, with 3~4 ml. of 4V NHg 
solution for 3 minutes, and filter. 

Filtrate, May 
contain Sb and 
Sn as chlorides 
or complex 
chloro-acids. 
Examine by 
Table VI (Sec- 
tion VII, 11). 

Residue. May 
contain undissolved . 

, MoSg, Dissolve in 
concentrated HCl 
and Brg water, and 
boil to expel Brg. 
Test for Mo by the 
NH 4 SCN.SnCl 2 
reaction. 

Filtrate. May contain As 
and some of the Mo. 

Identify As as in Table VI 
(Section VII, 11) or by the 
Gutzeit test (Section III, 13). 

Identify Mo thus: acidify a 
portion of the filtrate with dilute 
HCl and add a little solid potas- 
sium xanthate. 

A red-purple coloration con- 
firms Mo. 


Note* If the alternative potassium hydroxide method is employed 
for the separation of Groups IIA and IIB, the KOH extract may contain 
As, Sb, Sn, Se, Te and part of the Mo; the residue may contain, in 
addition to HgS, PbS, BigSg, CuS, CdS and PdS, the gold and platinum 
partly as sulphides and possibly partly in the form of the free metals. 
Mo is readily identified by the potassium xanthate or a-benzoin oxime 
test. The Au and Pt will accompany HgS after extraction with dfiiitiaN. 
nitric acid: upon dissolution in aqua regia, Pt maybe identified^iind 
removed as K 2 [PtCl 0 ] and the Au with oxalic acid. Pd is identified as ~ 
the dhnethylgly oxime complex in the presence of N hydrochloric acid 
after the Pb, Bi, Cu and Cd have been removed. 

VANAnruM, V 

The most important compounds of vanadium are derived from the oxides 
V 2 O 4 and VgOs, both of which exhibit acidic properties, but the latter to the 
greater degree. Vanadium pentoxide, the anhydride of vanadic acid, is only 
slightly soluble in water, but dissolves readily in concentrated solutions of 
caustic alkalis, forming vanadates. Vanadic acid, like phosphoric acid, 
exists in the form of meta-, pyro- and ortho*compounds (HVO3, H4Va07 and 
H gV O 4 respectively). Unlike the salts of phosphoric acid, the ineta-vaia^Stes" 
are the most stable and the ortho-vanadates the least stable. A solutioi^.of - 
an ortho -vanadate passes on boiling into the meta- vanadate, the ,,pyr5-salt 
being formed intermediately. 

IX, IL REACTIONS OF VANADATES 

Use a solution of ammonium fmeta%)^ vanadate, NH4VO . or the 
more soluble sodium meta- vanadate, NaVOg. 

i. Hydrogen Sulphide,— -No precipitate is produced in acid 
solution, hut a blue solution (due to the production of a quadrivalent 
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vanadium componnd) is formed and snlphnr separates. Other 
reducing agents, such as sulphur dioxide, oxalic acid, ferrous sul- 
phate, hydrazine, formic acid and ethyl alcohol, also yield the blue 
vanadium (IV) salts (compare Molybdates, Section IX, 4 ). The 
reaction takes place slowly in the cold, but more rapidly on warming. 

2 . Zinc, Gadmium or Aluminium in Acid Solution.—These 
carry the reduction still further. The solutions turn at first blue 
(vanadyl salt-quadrivalent vanadium), then green (tervalent vana- 
dium) and finaUy violet (bivalent vanadium). 

d. Ammonium Sulphide Solution.— The solution is coloured 
claret-red, due to the formation of thiovanadates {probably 
(NH4)3VS4}. Upon acidification of the solution, brown vanadium 
sulphide V2S5 is incompletely precipitated, and the filtrate usually 
has a blue colour. The precipitate is soluble in solutions of alkalis, 
alkali carbonates and sulphides. 

4 . Hydrogen Peroxide . — K red coloration is produced when a 
few drops of hydrogen peroxide solution are added dropwise to an 
acid ( 15-20 per cent sulphuric acid) solution of a vanadate; excess 
of hydrogen peroxide should be avoided. The colour is not removed 
by shakmg the solution with ether nor is it affected by phosphates 
or fluorides (distinction from titanium). 

The red colour is probably due to the per-salt (V02)2(S04)3, which 
is converted by excess of hydrogen peroxide into the yellow ortho 
peroxy-vanadic acid H3[V(02)03], hence excess of hydrogen per- 
oxide must be avoided. 

■H2O2 

(V 0 j)j(S 04 )* + 6HjO 2 H 3 [V(Os) 03 ] + SHjSO. 

H2SO4 

t The spot-test technique is as follows. Mix a drop of 15-20 per cent 
sulphuric acid and a drop of the test solution either on a spot plate or 
in a porcelain micro crucible. After a few minutes add 1 diop of 1 per 
cent hydrogen peroxide solution and then another drop,, if necessary. 
A red to pink coloration appears. 

Sensitivity; 2*5 ftg. V. Concentration limit; 1 ha 20,000. 

Molybdates, chromates, iodides, bromides, ceric salts and also large 
amounts of coloured metallic salts reduce the sensitivity of the reaction. 

5 . Ammonium Chloride. — ^The addition of soHd ammonium 
chloride to a solution of an alkali vanadate results in the separation 
of colourless, crystalline ammonium vanadate NH4VO3, sparingly 
soluble in a concentrated solution of ammonium chloride. 

6 . Lead Acetate Solution: yellow precipitate of lead vanadate, 
turning white or pale yellow on standing; the precipitate is insoluble 
in dilute acetic acid but soluble in dilute nitric acid. 

7 . Barium Chloride Solution: yellow precipitate of barium 
vanadate (distinction from arsenate and phosphate), soluble in dilute 
hydrochloric acid. 
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8. Copper Sulphate Solution: green precipitate with meta- 
vanadates. Pyro-vanadates give a yeHow precipitate. 

9: Mercurous Nitrate Solution: white precipitate of mercnrons 
vanadate from neutral solutions. 

10. Ammonia Solution. — When this reagent is added to a 
solution of a salt containing quadrivalent vanadium (e,g. that pro- 
duced by reduction of a vanadate with hydrogen sulphide), dark 
grey hypovanadic acid H 2 VO 3 is formed; the precipitation is not 
complete unless excess of ferric chloride be present. 

11. Ammonium Molybdate Solution. — ^No precipitate is pro- 
duced in the presence of ammonium nitrate and nitric acid, a soluble 
moiybdo-vanadate being formed (compare phosphate). If the 
vanadate is mixed with a phosphate, much of the vanadium is co- 
precipitated with the ammonium phospho-molybdate. 

12, Potassium Ghlorate-p-Phenetidine Test.— Vanadium 

catalyses the reaction between ^-phenetidine (H 2 N . . OC 2 H 5 , 

1 : 4) and potassium chlorate: potassium hydrogen tartrate has an 
activating efect upon the reaction. 

Treat 0*5 ml. of the test solution in a semimicro test-tube with 
0-05 gram of potassium hydrogen tartrate, 1 ml. of the jj-phenetidine 
reagent, 1 ml. of saturated potassium chlorate solution and dilute 
to 5 ml. with distilled water. Immerse the test-tube in a water bath : 
a violet colour appears within a few minutes. 

Lead interferes but is rendered harmless with 100 mg, of Na 2 S 04 ; 
ferric iron also interferes and is rendered innocuous by adding 50 mg. 
of !N'aN 02 . A similar result is obtained by replacing KCIO 3 with a 
saturated solution of KBrOa, but iodide as well as leadjand {ferric iron 
interfere. 

Sensitivity: 0-001 ftg. V, 

The ^-phenetidine reagent consists of a 0-1 per cent solution 
of p-phenetidine in N hydrochloric acid. 

13, Tannin Test.— When a neutral or acetic acid solution of a 
vanadate is treated with an excess of 10 per cent tannin solution, 
a deep blue (or blue-black) coloration is obtained. If ammonium 
acetate is present, a dark blue (or blue-black) precipitate separates 
The precipitate or coloration is destroyed by mineral acids. 

ti4. Ferric Chloride-Dimethylglyoxime Test. — The reaction- 
V^ + Fe+++>?^V^ +Fe + + 

proceeds from, left to right in alkaline solution and in the reverse 
direction in acid solution. The test for vanadates utilises the deep red 
coloration with dimethylglyoxime given by ferrous salts (compare 
Ferrous Iron, Section III, 19, reaction 10) and the fact that vanadates 
are readily reduced to the quadrivalent state by heating with con- 
centrated hydrochloric acid: 

VgOg + + CI2 + 

All oxidising agents interfere and must be removed. 
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Evaporate 1 drop of the test solution and 2 drops of concentrated 
hydrochloric acid in a micro crucible almost to dryness. When cold, 
add a drop of 1 per cent ferric chloride solution, followed by 3 drops of a 
1 per cent alcoholic solution of dimethylglyoxime, and render the 
mixture alkaline with ammonia solution. Dip a strip of quantitative 
filter paper or of drop-reaction paper into the solution. The precipi- 
tated ferric hydroxide remains behind and the red solution of ferrous 
dimethylglyoxime diffuses up the capillaries of the paper. 

Sensitivity: 1 ftg. V. Concentration limit: 1 in 50,000. 


Dry Test 

Borax bead: oxidising flame — colourless (yellow in the presence 
of much vanadium) ; reducing flame— green. 

Separation. — ^Vanadates are not precipitated by H 2 S in acid 
solution ; reduction to the quadrivalent state occurs. With ammo- 
nium sulphide solution, the soluble thio-salt is formed, from which 
brown V 2 S 5 is precipitated by pouring into H 2 SO 4 . The pre- 
cipitate may be dissolved in concentrated HCi, and reactions 4 and 
12 applied. 

In general, however, the vanadyl salt present in the filtrate from 
Group II will be largely re-oxidised to vanadate by the nitric acid 
treatment before the precipitation of Group IIIA. If the solution 
contains the cations of Group IIIA and certain members of later 
groups, the vanadates of these metals may be precipitated. How- 
ever, if no other member of Group IIIA is present, vanadium may 
be incompletely precipitated as ammonium vanadate. It is there- 
fore recommended where vanadium is suspected (pale-blue solution 
left after the passage of hydrogen sulphide in Group II) that the 
Group II filtrate be tested for iron with potassium ferrocyanide 
solution. If iron is absent, some ferric chloride solution should be 
added before precipitation of Group IIIA, 

See also Table V in Section IX, 18. 

Beryllium (or Gluoinijm), Be 

Beryllium is a divalent metal and closely resembles aluminium in chemical 
properties; it also exhibits resemblances to the alkaline earth metals. The 
salts react acid in aqueous solution, and possess a sweet taste (hence the name 
glucinum formerly given to the element). Beryllium compounds are highly 
poisonous. 

IX, 12. REACTIONS OF BERYLLIUM COMPOUNDS 

Use a solution of beryllium sulphate, BeS 04 , 4 H 20 . 

i. Ammonia or Ammonium Sulphide Solution: white pre- 
cipitate of beryllium hydroxide Be(OH) 2 , similar in appearance to 
aluminium hydroxide, insoluble in excess of the reagent, but readily 
soluble in dilute hydrochloric acid, forming a colourless solution. 
Precipitation is prevented by tartrates and citrates. 
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2. Sodium Hydroxide Solution: white gelatinous precipitate 
of beryllium hydroxide, readily soluble in excess of the precipitant, 
forming sodium beryliate Na 2 [Be 02 ] ; on boiling the latter solution 
(best when largely diluted), beryllium hydroxide is reprecipitated 
(distinction from aluminium). The precipitate is also soluble in 10 
per cent sodium bicarbonate solution (distinction from aluminium). 

Be(OH )2 + 2NaOH ^ NaaiBeOg] + SHgO 

On the other hand, the precipitate is insoluble in aqueous ethyl- 
amine solution whereas aluminium hydroxide dissolves in a moderate 
excess of the reagent. Precipitation is prevented by tartrates and 
citrates. 

S, Ammonium Carbonate Solution: white precipitate of basic 
beryllium carbonate, soluble in excess of the reagent (difference 
from aluminium) . On boiling the solution, the white basic carbonate 
is re-precipitated. 

4. Oxalic Acid or Ammonium Oxalate Solution: no precipi- 
tate (difference from thorium, zirconium and cerium). 

5. Sodium Thiosulphate Solution: no precipitate (difference 
from aluminium). 

d. Basic Acetate-Chloroform Test.— Upon dissolving 
beryllium hydroxide (reaction 1) in glacial acetic acid and 
evaporating to dryness with a Mttle water, basic beryllium acetate 
Be 0 , 3 Be(C 2 H 302)2 is produced, which dissolves readily upon 
extraction with chloroform. This forms the basis of a method 
for separating beryUium from aluminium, since basic aluminium 
acetate is insoluble in chloroform. The mixed hydroxides are 
treated as detailed above. 

t?". Quinalizarin Reagent*: cornflower-blue coloration with faintly 
alkaline solutions of beryUium salts. The reagent alone gives a charac- 
teristic violet colour with dilute alkali; but this is quite distinct from 
the blue of the beryUium complex: a blank test will render the difference 
clearly apparent. 

Antimony, zinc and aluminium salts do not interfere; aluminium 
should, however, be kept in solution by the addition of sufficient sodium 
hydroxide; the influence of copper, nickel and cobalt salts can be 
eliminated by the addition of potassium cyanide solution; iron salts 
are “masked” by the addition of a tartrate but if aluminium salts are 
also present a red colour is produced. Magnesium salts give a similar 
blue colom, but beryUium can be detected in the presence of this 
element by utilising the fact that in ammoniacal solution the mag- 
nesium colour alone is completely destroyed by bromine water. 

In adjacent depressions of a spot plate place a drop of the test solution 
and a drop of distUled water, and add a drop of the freshly prepared 
quinalizarin reagent to each. A blue coloration or precipitate, quite 
distmct from the violet colour of the reagent, is obtained. 

Sensitivity: 0-15 ftg. Be. Concentration limit: 1 in 350,000. 


* See under Alumimum, Section III, 21, reaction 10 > 
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If magnesiiim is present, treat a drop of the solution on a spot 
plate with 2 drops of the reagent and 1 ml. of saturated bromine water. 
The original deep blue colour becomes paler when the bromine is added, 
but remains more or less permanently blue. 

The reagent is prepared by dissolving 0*05 grams of quinalizarin in 
100 ml. of 0- IN sodium hydroxide. 

f para-Nitrobenzene-azo-orcinol Reagent 



orange-red lake with beryllium salts in alkaline solution. Magnesium 
salts yield a brownish-yellow precipitate; salts and hydroxides of the 
rare earths, aluminium and alkaline earths are without influence; the 
interfering eflect of silver, copper, cadmium, nickel, cobalt and zinc is 
eliminated by the addition of potassium cyanide solution. 

Place a drop of the reagent on drop-reaction paper and into the middle 
of the resulting yellow area introduce the tip of a capillary containing 
the test solution so that the latter runs slowly on to the paper. Treat 
the stain with a further drop of the reagent. The stain is coloured deep 
orange -red. 

Sensitivity: 0*2 ftg. Be. Concentration limit: 1 in 200,000. 

The reagent consists of a 0*025 per cent solution of p-nitrobenzene- 
azo-orcinol in N sodium hydroxide. 

^ 9 . Acetylacetone Test. — ^Acetylacetone reacts with beryllium salts 
to yield the complex Be(C5H702)2, which possesses a highly characteristic 
appearance imder the microscope. 

2CH3.CO.CH2.CO.CH3 -f BeS04 = Be(C5H,02)2 + H2SO4 

Place a drop of the test solution on a microscope slide and add a drop 
of acetylacetone. Crystals separate immediately: these will be found 
to possess rhombic and hexagonal forms when observed xmder the 
microscope (magnification: ca. 75 diameters). 

Concentration limit: 1 in 10,000. 

Dry Test 

Upon heating beryllium salts with a few drops of cobalt nitrate 
solution upon charcoal, a grey mass is obtained (difference from 
aluminium). 

Separation.— Beryllium is precipitated in Group IIIA. It is 
ultimately associated with aluminium in solution as sodium alu- 
minate and sodium beryliate respectively. Upon diluting and 
boiling, only the Be{0H)2 is precipitated. Alternatively, the 
quinalizarin test 7 may be applied to the solution or the basic 
acetate-chloroform test 6 to the mixed hydroxides. Beryllium may 
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also be detected in the presence of aluminium by the acetylacetone 
test 9; this is specific for Be. 

Aluminium and beryllium are separated most satisfactorily by 
means of 8-hydroxyquinoline (“oxine”) reagent; aluminium 
“ oxinate ’^ is precipitated in the presence of an ammonium acetate- 
acetic acid bimer solution, whereas beryllium ‘‘ oxinate ” is soluble 
in acetic acid. For this purpose, the alcoholic solution of the re- 
agent (compare Magnesium, Section III, 33, reaction 7) should not 
be employed as the aluminium complex is slightly soluble in alcohol. 
The solution of sodium aluminate and beryllate is just acidified with 
dilute hydrochloric acid, a slight excess of the “oxine*’ solution 
added, followed by 5 ml. of saturated ammonium acetate solution. 
The precipitate of the aluminium complex Al(C9HeON)3 is filtered 
off. The filtrate is heated nearly to boiling and a slight excess of 
ammonia solution added. The production of a precipitate (beryllia), 
usually coloured brown or yellow by adsorbed “oxine,” indicates 
the presence of beryllium. 

The precipitating reayent consists of a 2 per cent solution of 
“oxine’’ in 2^" acetic acid to which ammonia solution is added 
until a permanent precipitate is produced, and the latter is re- 
dissolved by warming. 

Another method for separating beryllium and aluminium consists 
in adding excess of a solution of sodium fluoride to the solution. 
The complex sodium alumino-fluoride Na3[AlF6] is formed in which 
the aluminium is present as a complex ion and from which the metal 
is not precipitated as hydroxide by ammonia solution. Beryllium 
is, however, readily precipitated as the hydroxide under these 
conditions. 

See also Note 6 to Table V in Section IX, 18. 

TirAmuM, Ti 

The most important compounds of titanium are those corresponding to 
the two oxides TigOs and TiOg, and are termed titanous and titanic com- 
pounds respectively. The former usually yield violet aqueous solutions, 
and are powerful reducing agents; they behave like iron and aluminiixm com- 
pounds towards the common reagents. The latter are usually colourless, and 
are more frequently encountered in analytical work. 

IX, 13. REACTIONS OF TITANIC COMPOUNDS 
Use a solution of titanic sulphate, Ti(S04)2»'*‘ 

i. Solutions of Sodium Hydroxide, Ammonia or Ammo- 
nium Sulphide. — ^Afi these reagents give a white gelatinous 
precipitate of ortho-titanic acid H4Ti04 or Ti(OH)4 in the cold, 

* This may be prepared by fusing the dioxide TiOg with a 12-15 fold excess 
of potassium pyrosulphate The melt, after powdering, is extracted 

with cold dilute H 2 SO 4 (say, 5 per cent) and filtered, if necessary. 

TiOg + 2KgSA>= Ti(S 04)2 + 2X^804 
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almost insoluble in excess of the reagent, but soluble In mineral 
acids. If precipitation takes place from hot solution, meta-titanic 
acid H2Ti03 or TiO . ( 0 H )2 is said to be formed, which is difficultly 
soluble in dilute acids. Tartrates and citrates mhibit precipitation. 

2 . Water. — A white precipitate of meta-titanic acid is obtained 
on boiling a solution of a titanic salt with excess of water. 

S. Sodium Phosphate Solution: white precipitate of titanium 
phosphate Ti(HP04)2 in dilute sulphuric acid solution. 

4 . Zinc, Cadmium or Tin.— When any of these metals is added 
to an acid (preferably hydrochloric acid) solution of a titanic salt, 
a violet coloration is produced, due to reduction to the titanous 
state. No reduction occurs with sulphur dioxide or with hydrogen 
sulphide. 

5 . Gupferron Reagent*: flocculent yeUow precipitate of the 
titanium salt, Ti(C6H502N2)4, in acid solution (distinction from 
aluminium and beryllium). If iron is present y it can be removed 
by precipitation with ammonia and ammonium sulphide solutions 
in the presence of a tartrate ; the titanium may then be precipitated 
from the acidified solution by cupferron. 

6 . Hydrogen Peroxide. — ^An orange-red coloration is produced 
in slightly acid solution. The colour is yellow with very dilute 
solutions. The coloration has been variously attributed to per- 
titanic acid Ti03,nH20 or to peroxo-disulphato-titanic acid 
H2[Ti02(S04)2]. 

Chromates, vanadates and cerium salts give colour reactions with 
the reagent and should therefore be absent. Iron salts give a 
yeUow colour with hydrogen peroxide, but this is eliminated by 
the addition of syrupy phosphoric acid. Fluorides bleach the colour 
(stable [TiP 6 ]’~“ ions are formed), and large amounts of nitrates, 
chlorides, bromides and acetates as well as coloured ions reduce 
the sensitivity of the test. A decrease in the intensity of the 
yellow coloration upon the addition of ammonium fluoride indicates 
the presence of titanium. 

f The spot-test technique is as follows. Place a drop of the sulphuric 
acid test solution on a spot plate and add a drop of “10 -volume’* 
hydrogen peroxide. A yellow coloration results. 

Sensitivity: 2 jag. Ti. Concentration limit: 1 in 25,000. 

The test is conducted on the s^mimicro scale as follows. Place 0*5 ml. 
of the test solution in a small test-tube, add 2 drops of dilute sulphuric 
acid and 1 drop of 3 per cent hydrogen peroxide solution. An orange- 
yellow or orange-red coloration is produced. Introduce a small crystal 
of ammonium fluoride: the colour disappears. 


* For the preparation of the reagent, see under Iron, Section III, 20, 
reaction 9, 
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t7. Ghromotropic Acid* Reagent 



reddisli-bro“wn coloration with titanium salts in the presence of hydro- 
chloric or sulphuric acid. Appreciable concentrations of nitric acid 
inhibit the reaction. 

Mix a drop of the test solution and a drop of the reagent on drop - 
reaction paper or upon a spot plate. A reddish-brown (or purplish- 
pink) spot or coloration results. 

Sensitivity: 5 ftg. TiO 2 - Concentration limit: 1 in 10,000. 

Uranyl and ferric salts interfere and yield brown and deep green 
colorations respectively; these colours are destroyed by the addition 
of stannous chloride, for uranous and ferrous salts do not react with 
chromotropic acid. Mercirry salts give a yellow and silver salts a black 
stain on drop -reaction paper; the colour due to titanium is, however, 
still perceptible. 

In the presence of uranyl salts and/or ferric salts, proceed as 
follows. Mix a large drop of the test solution on a watch glass with a 
small quantity of a solution of stannous chloride in hydrochloric acid 
(a large excess is to be avoided) and warm gently (hot plate). Place 
a drop of the reagent on some drop-reaction paper and then a drop of 
the clear solution from the watch glass. A reddish-brown (or purplish- 
pink) spot appears. 

The reagent consists of a 5 per cent aqueous solution of chromotropic 
acid. The reagent does not keep well, hence it is preferable to impreg- 
nate drop -reaction paper with the reagent solution and allow the paper 
to dry in the air. The impregnated papers are stable for several months. 
In use, a drop of the test solution and a drop of N H 2 SO 4 are placed 
upon the impregnated paper: a purplish-pink colour results. 

t^. Pyrocatechol Reagent 



yellow coloration with neutral or weakly acid (sulphuric acid) solutions 
of titanium salts. Ferric, chromium, cobalt and nickel salts interfere 
as do also large amounts of free mineral acids: alkali hydroxides and 
carbonates reduce the sensitivity of the test. 

Place a drop of the sulphuric acid test solution on drop-reaction paper 
impregnated with the reagent. A yeUow or yellowish-red spot is 
obtained. 

Sensitivity: 3 ftg. Ti, Concentration limit: 1 in 20,000. 

The reagent consists of a freshly prepared 10 per cent aqueous solu- 
tion of pyrocatechol. 

* Or 1 : 8-dihydroxynaphthalene-3 : 6 -disulphomc acid. 
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Dry Test : 

Microcosmic salt bead: oxidising flame — colourless; red.iicing flame 
— ^yellow wMst hot and violet when cold (this result is obtained 
more rapidly if a little stannous chloride is added). If the bead is 
heated in the reducing flame with a trace of ferrous sulphate, it 
acquires a blood-red colour. 

Separation.—If sufficient acid is present in the earlier groups to 
prevent its separation by hydrolysis, titanium is found in Group 
IIIA. It can be readily detected in the precipitate obtained after 
treatment with Na202 by means of the hydrogen peroxide test 6; 
NH4F solution will discharge the colour. It is usually best to fuse 
the precipitate with 10 times its weight of powdered K2S2O7 or 
KHSO4; the melt, containing the metals as sulphates, is extracted 
with cold water, and the extract boiled for about 30 minutes. 
Meta-titanic acid separates out. This is filtered off, dissolved in 
concentrated HCl and the H2O2 test applied. 

See also Table V in Section IX, 18. 

ZiROONIXJM, Zr 

Zirconium* forms only on© important oxide, zirconia ZrOg, which is 
amphoteric in character. The normal zirconium salts, like ZrC^, are readily 
hydrolysed in solution giving rise chiefly to zirconyl salts, containing the 
bivalent radical ZrO^^. The zirconates, e.g. NagZrOg, are best produced from 
ZrOg by fusion methods. Zirconium also readily forms complex salts, e.g, 
potassium fluozirconate K 2 [ZrFe], produced by fusing zirconia with potassium 
hydrogen fluoride. 

Ignited zirconium dioxide, or the mineral, is insoluble in all acids except 
hydrofluoric acid. It is soluble in fused caustic alkalis and in sodium car- 
bonate; the resulting alkali zirconate is practically insoluble in water, being 
converted into zirconium hydroxide by this solvent. It is therefore best 
dissolved in hydrochloric acid, and the zirconium hydroxides precipitated by 
ammonia solution, etc. 

IX, 14. REACTIONS OF ZIRCONIUM COMPOUNDS 

Use a solution of zirconyl nitrate ZrO(NOo)o,2HoO or of zirconyl 
chloride ZrOa^^SHaO. 

1 . Sodium Hydroxide Solution: white, gelatinous precipitate 
of the hydroxide Zr(OH)4 {on Zx02,xK2^) in the cold, practically 
insoluble in excess of the reagent (diflerence from aluminium and 
beryllium), but soluble in dilute mineral acids (avoid sulphuric acid). 
With a hot solution of a zirconium salt, a white precipitate of 
ZrO{OH)2 is obtained; it is sparingly soluble in dilute but soluble in 
concentrated mineral acids. Tartrates and citrates inhibit the 
precipitation of the hydroxide. 

2 . Ammonia or Ammonium Sulphide Solution: white, 
gelatinous precipitate of the hydroxide Zr(OH)4 (or Zr02,a;H20), 
insoluble in excess of the reagent. 

* Small quantities of hafnium are always present; the two elements cannot, 
at present, be differentiated by qualitative analysis (see, however, Section X, 4). 
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3. Sodium Piiosphate Solution: wMte precipitate of zirconium 
pkosphate, Zr(HF04)2 or Zr0(H2P04)2, even in solutions containing 
10 per cent of sulphuric acid by weight and also tartrates and 
citrates. No other element forms an insoluble phosphate under 
these conditions except titanium. The latter element can be kept 
in solution as the so-called ^^per-titanic acid’^ by the addition of 
sufficient hydrogen peroxide solution, preferably of '‘100- volume'’ 
strength, before the sodium phosphate is introduced. 

4. Hydrogen Peroxide: white precipitate of zirconium ‘^per- 
oxide” from slightly acid solutions; this liberates chlorine when 
warmed with concentrated hydrochloric acid. When both hydrogen 
peroxide and sodium phosphate are added to a solution containing 
zirconium, the precipitate is zirconium phosphate (see reaction 3). 

5. Ammonium Carbonate Solution: white precipitate of basic 
zirconium carbonate, readily soluble in excess of the reagent, but 
reprecipitated on boiling. 

6. Oxalic Acid Solution: white precipitate of zirconium oxalate, 
readily soluble ui excess of the reagent and also in ammonium 
oxalate solution (difference from thorium). 

7. Ammonium Oxalate Solution ; white precipitate of zir- 
conium oxalate, soluble in excess of the reagent (distinction from 
aluminium and beryllium) ; the solution gives no precipitate with 
hydrochloric acid (difference from thorium). 

Note. A solution of zirconium sulphate or a zirconium salt solution contain- 
ing excess of sulphate ions does not give a precipitate with either ammonium 
oxalate or oxalic acid. This is due to the fact that the zirconium is present 
as the anion [Zr0(S04)2] , hence sulphuric acid should be avoided in pre- 

paring solutions of zirconium salts. 

8. Saturated Potassium Sulphate Solution : white precipitate 
of K2[Zr0(S04)2], iusoluble in excess of the reagent. When pre- 
cipitation takes place in boiling solution, the resulting basic zirconium 
sulphate is insoluble in dilute hydrochloric acid (difference from 
thorium and cerium). No precipitate is obtained with sodium sul- 
phate solution. 

9. Phenylarsonic Acid Reagent {C6H5.AsO(OH)2}: white 
precipitate of zirconium phenylarsonate in the presence of O-S-IA" 
hydrochloric acid; it is best to boil the solution. Tin and thorium 
salts must be absent. 

The reagent consists of a 10 per cent aqueous solution of phenyl- 
arsonic acid. 

10. normal -Propylarsonic Acid Reagent 

{ CH3 . CHg . CHg . AsO(OH)2 } : 

white precipitate of zirconium n-propylarsonate in dilute sulphuric 
acid solution (separation from most other metals including titanium 
but not tin). 
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Thereagent consistsof a^Der oPTif. i 

arsonie acid. ^ of ».propyI- 

11 . Potassium or Sodium lodafA t „ 

solution, a voluminous, white precipitate of hav”' acid 

» obtained. The preeipitate rSJTin nSS 
(difference from aluminium). hydrochloric acid 

ti2. AUzarin-S* Reagent: red dtoo, >.;+=.+» • 
medium. Fluorides discharge the colour “V ® acid 

the stable zirooni-fluoride anion [ZrP 1 — formation of 

Place a drop of the test solution (which ’bH= Kaa -j-a , 

chloric acid) on a spot plate, add a dr^p of thl hydro- 

concentrated hydrochloric acid. A red nrecinitfl+A ®' ‘h'op of 

The reagent consists of a 1 ner caa+ results. 

(sodium alizarin sulphonate). queous solution of alizarin-S 


^ 13 . para - Dimethylamlnobenzene - 


Reagent 


azo - phenylarsonic Acid 


(' 


(CH,),N 



-A80(0H), 




Acid solutions of zirconium salts aive n h^A,™ • • 

reagent. If the test be conducted ol 61 ter tCb? *® the 

paper^ Kace aTo^rf^ tlTaoM t^f sXttei^n theT* 

hydroohlodo «id « 

6,„I.ivi.y, 0., «. Zr (i„ K HCl,. a„«i„„ ihn,-., , 

Free sulphuric acid exceeding N in ^ , 

of the test; phosphates, fluorides and organic acMTl^hfch f® ®®“®hivity 

tates or stable complex compounds eithl- h!h;v?* . ^ form precipi- 

molybdates, tungstates andLlts of tltlduXrXri^ ^®*^^^^ ^h® reaction; 

but their interference can be eliminated bv 

with about an equal volume of c^entotSh^r3,i‘^® test 

some ‘ 100- volume” hydrogen peroxide 

impregnated drop-reaorion paperandXalTv wTl^® 

warm hydrochloric acid. Tin also aives a *h® latter with 

this may be prevented by the abovf Pr®®‘Pitate, but 

hydrogen peroxide; a brown rinrl™^®^^^^'^ ®“ltting the 
obtamed. a central zone, is 

The reagent is prepared by dissolving 0*1 gram of -n k i 
benzene-azo-phenylarsonic acid in K rrd ^ ^-^^niethylamino- 

acid and 100 ml. of et^ aSl ®®«®®»itrated hydrochloric 

Dry Tests 

No characteristic results are obtained with tha Ka 
».nuc .0, doe. 

• F=, ^ Aluminlon, S«»lon UI, 21, 
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Separation.— Zirconium is precipitated in Group IIIA as 
Zr02,a?H20, if phosphates are absent. It can be readily detected 
in the residue obtained after treating the Group IIIA precipitate 
with 10 per cent sodium hydroxide solution and ‘'20- or 40-volume ’' 
hydrogen peroxide. The residue is dissolved in hydrochloric acid 
and boiled to expel chlorine. The resulting solution is treated with 
sodium phosphate solution and hydrogen peroxide, when a white 
precipitate indicates the presence of zirconium and an orange-yellow 
coloration the presence of titanium (see reaction 3 above). Alter- 
natively, the ahzarin-S test (reaction 12 ) may be applied to the 
solution in hydrochloric acid. 

See also Table V, Section IX, 18. 

TJeanium, TJ 

The most important uranium compounds are the uranyl salts, which contain 
the bivalent radical uranyl XJ02<, and the uranates M2U2O7, analogous to 
the pyrosulphates MgSgO^ and the dichromates MgCrgO,. Only the reactions 
of the former will be described. 


IX, 15. REACTIONS OF URANYL COMPOUNDS 

Use a solution of uranyl nitrate, U02(N03)2,6H20, or of uranyl 
acetate, U02(C2H302)2>2H20. 

1. Ammonia Solution; yellow precipitate of ammonium di- 
uranate (NH4)2U207, insoluble in excess of the reagent, but readily 
soluble in ammonium carbonate solution. 

2!U02(N08)2 + 6NH3 + SHgO = (NHJaUaOy + 4XH4NO3 

(NH4)2U207 + 6 (ISrH 4 ) 2 C 03 -f 3 H 2 O 

= 2(]SrH4)4[U02(C03)3l + eXH^OH 

The sparingly soluble ammonium di-uranate is probably formed 
through the intermediate uranyl hydroxide UO 2(011)2; the latter passes 
by loss of water into di-uranic acid {21102(011)2 = H2U8O7 + H2G}, 
and thence into (NH4)2U207. 

No precipitation occurs in the presence of certain organic acids, 
such as oxalic, tartaric and citric acids. 

2 . Sodium Hydroxide Solution: yellow amorphous precipitate 
of sodium di-uranate Na2U207, soluble in ammonium carbonate 
solution. 

3 . Ammonium Sulphide Solution: brown precipitate of uranyl 
sulphide UO2S, soluble in dUute acids and in ammonium carbonate 
solution. 

4. Hydrogen Peroxide; pale-yellow precipitate of U04,a;H20, 
soluble in ammonium carbonate solution with the formation of a 
deep yellow solution. Chromium, titanium and vanadium inter- 
fere with this otherwise sensitive test. 
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5 . CHpferroe Reagent: no precipitate (distinction from 
titanram). / , ^ 

d. Sodium Phosphate Solution: white precipitate of nrany! 
phosphate UO2HPO4, soluble in mineral acids but insoluble in dilute 
acetic acid. If precipitation is effected in the presence of ammonium 
sulphate or of ammonium acetate, uranyl ammonium phosphate 
U02(NH[4)P04 is precipitated. 

7 . Ammonium (or Sodium) Carbonate Solution: white pre- 
cipitate of uranyl carbonate UO2CO3, soluble in excess of the reagent 
forming a clear, yellow solution containing ammonium uranyl 
carbonate (NH4)4[tJ02(C03)3]. 

^. Potassium Ferrocyanide Solution: brown precipitate of 
uranyl ferrocyanide (U02)2[J'®(0N)e] in neutral or acetic acid 
solutions, soluble in dilute hydrochloric acid (difference from copper). 
The precipitate becomes yellow upon the addition of sodium 
hydroxide solution, due to its conversion into sodium di-uranate 
(distinction from copper and from molybdenum ferrocyanide). 

(U02)2[Fe(ClSr}6] + eisTaOH = NagUgO, -|- Na4[Fe(CN)6] + SHgO 

t The spot-test technique is as follows. Place a drop of the test 
solution on drop -reaction paper and add a drop of potassium ferro- 
cyanide solution. A brown spot is obtained. 

Sensitivity: 0*9 fig, XJ. Concentration limit: 1 in 50 , 000 . 

Both iron and copper interfere. If, however, potassium iodide 
solution is added, they are reduced to the non -reactive ferrous and 
cuprous states; the liberated iodine may be decolourised with sodium 
thiosulphate solution. Alternatively, the reduction may be carried out 
with sodium thiosulphate solution alone on a spot plate, the copper 
acting as a catalyst for the reduction of the iron: 

2 Fe + + + + 28203"" = 2 Fe + + -f S40e“-; 

2 Cu + + + 28203""= 2 Cu+ + 8403“"' 

Place a drop of concentrated potassium iodide solution on a piece 
of drop -reaction paper and, after the iodide solution has soaked into the 
paper, add a drop of the acidified test solution. Add a further drop of 
the potassium iodide solution to complete the reduction, followed by a 
drop of sodium thiosulphate solution. Then add a drop of potassium 
ferrocyanide solution to the decolourised spot, whereupon a brown ring 
is obtained. 

Bry.Test ■ . 

Borax or microcosmic salt bead: oxidising flame^ — ^yellow; reducing 
flame— green. 

Separation.— Uranium is precipitated in Group IIIA as 
(NH4)2U2G7. It is most simply separated from Fe(OH)3, Cr(OH)3 
and A1(0H)3 by digestion in the cold with a large excess of 
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ammonium carbonate solution. The ammonium di-uranate dissolves 
(see reaction J above); upon acidification with HCl and addition 
of K4[Pe(CN)e] solution, a brown precipitate is formed. 

See also Table V in Section IX, 18 . 

Thobium, Th 

The analytically important compounds of thorium are derived from the 
dioxide ThO 2 , ^.6. contain quadrivalent thorium. 

IX, 16 . REACTIONS OF THORIUM COMPOUNDS 
Use a solution of thorium nitrate, Th(N03)4,4H20. 

J. Ammonia, Ammonium Sulphide or Sodium Hydroxide 
Solution; white precipitate of thorium hydroxide Th(OH)4 or 
Th02 .?iH20, insoluble in excess of the reagent, but readily soluble 
in dilute acids when freshly precipitated. Tartrates and also 
citrates prevent the precipitation of the hydroxide. 

2 . Ammonium or Sodium Carbonate Solution: white pre- 
cipitate of basic carbonate, readily soluble in excess of the con- 
centrated reagent forming [Th(G03)5]®~. 

3 . Oxalic Acid Solution: white, crystalline precipitate of 
thorium oxalate Th(C204)2,6H20 (distinction from aluminium and 
beryllium), insoluble in excess of the reagent and in 0 * 5 iV^ hydro- 
chloric acid. 

4. Ammonium Oxalate Solution: white precipitate of thorium 
oxalate, which dissolves on boiling with a large excess of the reagent 
forming [Th(C204)8]2~, but is reprecipitated upon the addition of 
hydrochloric acid (difference from zirconium). 

5. Saturated Potassium Sulphate Solution: white precipitate 
of the complex salt K4[Th(S04)4]2H20, insoluble in excess of the 
precipitant, but soluble m dilute hydrochloric acid. 

d. Hydrogen Peroxide: white precipitate of hydrated thorium 
peroxide (variously formulated as Th08,2H20, Th(0H)30.0H and 
Th207,4:H20) in neutral or faintly acid solution. 

7 . Sodium Thiosulphate Solution; precipitate of thorium 
hydroxide and sulphur on boiling (distinction from cerium). 

8. Potassium lodate Solution: white, bulky precipitate of 
thorium iodate Th(I03)4. Precipitation occurs in the presence of 
50 per cent by volume of concentrated nitric acid (difference from 
cerous cerium). 

9. Potassium Ferrocyanide Solution: white precipitate of 
thorium ferrocyanide Th[Fe(CN) 6 ] in neutral or slightly acid 
solution. 
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10 . Potassium Fluoride Solutioa: bulky, wMta precipitate of 
thorium iuoride ThF4, insoluble in excess of the reagent (distinotion 
and method of separation from aluminium, beryHium, zirconium 
and titanium). 

It Saturated Sebacic Acid Solution {C 02 H.(CH 2 ) 8 . 002 H}: 
white voluminous precipitate of thorium sebacate Th(CioHi604)2 
(difference from cerium). 

12 . meta-Nitrobenzoic Acid Reagent {NO2 . C6H4 . CO2H).— 
Upon addition of excess of the reagent to a neutral solution 
of a thorium salt at about 80 °, a white precipitate of the salt 
Th(N02. 06114.002)4 is obtained (distinction from cerium). 

The reagent is prepared by dissolving 1 gram of the acid in 250 ml. of 
water at 80°, allowing to cool overnight and fitering. 

There are no characteristic dry tests for thorium. 

Separation.— -See under Oerium (Section IX, 17 B), 

Cebium, Ce 

Cerium forms two well-defined series of salts, cerous and ceric, in which 
the element is tervalent and quadrivalent respectively. The cerium is more 
basic in the former than in the latter state, hence the cerous salts are the more 
stable. 

IX, 17 A. REACTIONS OF CEROUS COMPOUNDS 

Use a solution of cerous nitrate, Ce(If03)3,6H20. 

1 . Ammonia or Ammonium Sulphide Solution; white pre- 
cipitate of cerous hydroxide Ce(OH)3 (or Ce20^,nIL20), insoluble in 
excess of the precipitant, but readily soluble in acids. The pre- 
cipitate slowly oxidises in the air, finally becoming converted into 
yellow ceric hydroxide Ce(OH)4 (or Ce 02 ,^^H 20 ). Sodium hydrox- 
ide solution gives a similar result. The precipitation is prevented 
by tartrates and citrates. 

2 . Oxalic Acid or Ammonium Oxalate Solution: white 
precipitate of cerous oxalate 062(0204)3, insoluble in excess of the 
reagent (compare thorium and zirconium), and in very dilute 
mineral acids. 

5. Sodium Thiosulphate Solution: no precipitate (distinction 
from thorium and from ceric cerium)* 

4 . Saturated Potassium Sulphate Solution: white, crystal- 
line precipitate, having the composition 062(804)3,3X2804 in neutral 
solution and 002(804)3, 2K2SQ4J2H2O from sMghtly acid solution 
(difference from aluminium and beryllium). 

6 . Sodium Bismuthate. — ^Tbis reagent, in the presence of dilute 
nitric acid, converts cerous into ceric salts in the cold, A similar 
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result is obtained by heating with ammonium persulphate or with 
lead, dioxide and dilute nitric acid (1 : 2). In aU cases, the solutions 
become yellow or orange in colour. 

d. Ammonium Carbonate Solution: white precipitate of 
cerous carbonate 062(003)3, nearly insoluble in excess of the pre- 
cipitant (difference from beryllium, thorium and zirconium) and 
insoluble in sodium carbonate solution. 

7. Hydrogen Peroxide. — ^When a cerous salt is treated with 
ammonia solution and excess of hydrogen peroxide is added a 
yellowish-brown or reddish-brown precipitate or coloration, due to 
cerium peroxide Ce(0H)30.0H or Ce03,2H20, is formed. This is 
not very stable. Upon boiling the mixture, yellow ceric hydroxide 
Ce(OH)4 is obtained. The test cannot be applied directly in the 
presence of iron since the colour of ferric hydroxide is similar to that 
of ceric per-hydroxide. The precipitation of ferric hydroxide may 
be prevented by the addition of an alkah tartrate in consequence 
of the formation of complex ferri-tartrate ions; this, however, 
reduces the sensitivity of the test for cerium. 

t The spot-test technique is as follows. Mix a drop of the hot test 
solution, of “10-volume” hydrogen peroxide and of dilute ammonia 
solution in a porcelain micro-crucible and warm gently. A yellow or 
yellowish-brown precipitate or coloration appears. 

Sensitivity: 0*35 /xg. Ce. Concentration limit: 1 in 140,000. 

8 . Ammonium Fluoride Solution: white, gelatinous precipi- 
tate of cerous fluoride CeF3 in neutral or shghtly acid solution. 
The precipitate becomes powdery upon standing. 

9 . Potassium lodate Solution: white precipitate of cerous 
iodate 00(103)3 in neutral solution, soluble in nitric acid (difference 
from ceric iodate; compare thorium). 

•flO. Ammoniacal Silver Nitrate Reagent. — This reagent reacts 
with neutral solutions of cerous salts to form ceric hydroxide and 
metallic silver (difference from ceric cerium); the former is coloured 
black by the finely divided silver: 

Ce(OH )3 + [Ag(NH 3 )a]+ + OH" = Ce(OH )4 + Ag + 2 NH 3 

Ferric, manganous and cobaltous salts also give the higher metallic 
hydroxides and silver, and must therefore be absent. 

Mix a drop of the neutral test solution and a drop of the reagent on a 
watch glass or in a porcelain micro crucible, and warm gently. A black 
precipitate or brown coloration appears. 

Sensitivity: 1 fjLg. Ce. Concentration limit: 1 in 60,000. 

The ammoniacal silver nitrate reagent is prepared by treating ca. 
0*42^ silver nitrate with dilute ammonia solution until the precipitate 
first formed is just redissolved. 
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IX; i 7 B. REACTIONS OF CERIC COMPOUNDS 

Use a solution of ceric ammonium suipliate” 
{MH4)4[Ce{S04)4]2H20 {or Ce(S04)2,2(NH4)2S04,2H20} 
or of ceric sulphate Ge(S04)2 in dilute sulphuric acid. 

1. Ammonia or Sodium Hydroxide Solution; yellow precipi- 
tate of ceric hydroxide Ce(OH)4. If the precipitate is warmed with 
hydrochloric acid, chlorine is evolved and cerous chloride is formed. 

2 . Oxalic Acid or Ammonium Oxalate Solution: reduction 
occurs, more rapidly on warming, to the cerous condition, and 
ultimately white cerous oxalate is precipitated. 

5. Saturated Potassium Sulphate Solution: no precipitate 
(distinction from cerous salts). 

4. Reducing Agents (e.gr. hydrogen sulphide, sulphur dioxide, 
hydrogen peroxide and hydriodic acid). — These convert ceric salts 
into cerous salts. 

5, Sodium Thiosulphate Solution: yellow colour of solution 
discharged and sulphur precipitated, owing to reduction. 

d. Ammonium Fluoride Solution: yellow colour of solution 
is discharged but no precipitate is produced. 

7. Potassium lodate Solution: white precipitate of ceric iodate 
Ce(I03)4 &om concentrated nitric acid solution (difference from 
cerous cerium; thorium and zirconium give a similar reaction). 

t^. Anthranilic Acid Reagent (NHa'GgH^.COaH, 1 : 2). — Ceric 
cerium oxidises anthranilic acid to a brown compound. Cerous cerium 
does not react and must be oxidised first with lead dioxide and concen- 
trated nitric acid (SN) to the ceric state; other oxidismg agents cannot 
be used since they react with the anthranilic acid. Ferric iron inhibits 
the test and must be masked by the addition of phosphoric acid. The 
ions of gold and vanadium, as well as chromate ion, react similarly 
and therefore interfere. Reducing agents must be absent. 

Place a drop of the test solution (slightly acid with nitric acid) on 
a spot plate and add a drop of a 5 per cent solution of anthranilic acid 
in alcohol. A blackish-blue precipitate appears, which rapidly passes 
into a soluble product and colours the solution brown. 

Concentration limit: I in 10,000. 

Dry Test 

Bora^ Bead: oxidismg flame — dark brown whilst hot and light 
yellow to colourless when cold; reducing flame — colourless. 

20 



610 QmlilMim Iifmgmie Am [IX, 

Separation.— ’Cerium and thorium salts are precipitated in Group 
IIIA. They may he separated from the other metals of the group 
by dissolving the precipitate in dilute HCl and adding oxalic acid 
solution, when the oxalates of both metals are precipitated. The 
thorium and cerium may be separated: (a) by dissolving the thorium 
oxalate in a mixture of ammonium acetate solution and acetic acid, 
cerium oxalate being insoluble under these conditions * (6) by treat- 
ment with a large excess of hot concentrated ammonium oxalate 
solution; only the thorium oxalate dissolves (a complex ion being 
formed), and may be reprecipitated from the resultant solution as 
oxalate by the addition of hydrochloric acid. 

In routine qualitative analysis, it is probably best to boil the 
mixed oxalates (after washing with 2 per cent oxalic acid solution) 
with 5 per cent potassium hydroxide solution, thereby converting 
them into the hydroxides. The precipitate is separated by filtration, 
washed with hot water, dissolved in the minimum volume of dilute 
hydrochloric acid and the solution divided into two parts: 

(i) Th. — ^NeutraHse with ammonia solution, and add the meta- 
nitro-benzoic acid reagent (Section IX, 16, test 12) or a warm 
saturated solution of sebacic acid {ihid. test 11). Alternatively, 
add hydrochloric acid to the neutral solution until the concentration 
is about 0-3JV', and then sodium pyrophosphate solution, A white 
precipitate, ThPgO^, indicates Th. 

(ii) Ce.— Identify by the addition of hydrogen peroxide, followed 
by ammonia solution until the liquid is alkaline. A reddish-brown 
precipitate indicates Ce (see Section IX, 17A, reaction 7). 

The following Table contains a scheme for the identification of the 
more common ‘‘rarer’’ elements (Ti, Zr, Ce, Th, V and U) in the 
presence of Fe, A1 and Cr. If phosphate is present, it should be 
removed by the stannic chloride method (Section VIII, 2). 
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IX, 18. Table Group niA to the preoepee of 

n, £^r, Ce, Th, U and V 


•hfrs Sig’a£g,i^,'a^K";r ^-e>' Hc. pw 

10 nJ. of 6% HjOa and is 2-5.y with resDect*tn°^Tj*nw'"^*°*' 
solution should be freshly prepared ) Bon^\ * • (The latter 

Filter and wash t he ppt.^th hot 2°^ NH^NOs soMon^®’ 


Residue. May 
contain Fe(OH)3; 

I Ti02,wH20j 
ZTO^,nSlO; 
ThO^,nBfi; 
CoOgjwHgO (and 
! some MnOgjwHgO). 

Dissolve in dilute 
HCl, boil to expel 
Cl 2 and divide the 
solution into five 
parts. 

(i) Add KSCN 
solution (1). 

Red coloration. 

Fe present. 

(ii) If Fe present, 
add just sufficient 

, ^- 0^ (2) to de- 

colourise the ferric 
I salt, and then HgOg. 
Orange-red colora- 
tion, discharged by 
the addition of solid 
NH4F. 

Ti present (see 
Section IX, 13). 

White ppt. 

Zr present (3; 
also Section 
IX, 14). 

(iii) Add excess 
I of saturated oxalic 
acid solution (ca. 
10%). White ppt. 
Th and/or Ge 
present. 

For separation of 
Th and Ce, see Sec- 
tion IX, 17B. 

I (iv) Evaporate to 

: fuming with H2SO4 

I to expel HCl. Cool, 

. dilute, add HNO3 
I and a little XaBiOs. 

'' Stir and allow to 
! stand. 

Purple coloration. 

Mn present 


contain NajCrO-, NaAlO I 
Na,lJ<^). sodium peruranate (probably | 

Pbf#n^^ with dilute HNO,, add 3-4 ml. of 20o/ 

( 3)2 solution, followed by 2 grams of aniw 

~u^ acetate. Stir well JlterKl 


Residue, May 
contain PbCrO. 
and Pb,(V04)3 (4). 

Dissolve in the 
minimum volume 
of hot ZN HXOa 
{ca. 5— 6 ml.), 
thoroughly cool 
the resulting solu- 
tion, and transfer 
to a small separa- 
tory funnel. Add 
an equal volume 
of amyl alcohol, 
and a little 6% 
H2O2. Shake 
well and allow the 
two layers to sepa- 
rate. 

A blue colora- 
tion in the upper 
layer indicates Or 
present, and a red 
to brownish-red 
coloration (5) in 
the lower layer 
indicates V pre- 
sent. 

^Confirm V by the 
KClOg-p-pheneti- 
dine test (Section 
IX, 11, reaction 
12 ). 


May contain 
l(IirOs)3, and 

excess of Pb(N03)3.''* Pa^ 
pkI *°^peve aU the Pb as 

the filtrate to expel H„S. 
Atoost neutralise with NH* 
solution, cool and pour into 
an exc^s of concentrated 
(JNJd.ljCOj solution. Warm 
forSmmutes. Allow to stand, 
niter and wash. 


Residue. 

White: 

Al(OH)3. 

A1 present. 
Confirm by 
Thenard’s 
blue test (6). 


Filtrate. May I 
contain U, pro- 
bably as (XHA- 
[uo3(co:)3]. 
Evaporate to a , 
small volume ( 7), I 
acidify with HCl, 
and add K4rFe- 
solution. 

, Brown ppt. of I 
|(uo3)3[F6(C]sr),], 
becoming yellow I 
upon the addi- 
tion of NaOH 
solution. 

U present. 
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(I) The potassium ferrocyanide test is not recommended 
here when IJ is present. The NaOH-HgOg separation is not quite 
quantitative and sufficient U may be present in the precipitate to 
introduce complications. 

(2) The addition of phosphoric acid or of sodium phosphate is essential 
if Zr is to be tested for, even if Fe is absent (compare Section IX, 14, 
reaction 5). 

(3) If both Ti and Zr are present, the ppt. of zirconium phosphate 
may be filtered ofi (best in the presence of a little macerated filter paper, 
or a Whatman filtration accelerator), and the filtrate treated with 
NagSOg or with XagSgOg solution and warmed. The so-called “ titan- 
ium peroxide” is reduced and titanium phosphate precipitates. It may 
be necessary to reduce the acidity of the solution somewhat to com- 
pletely precipitate the titanium. Zr may also be identified by the 
alizarin-S reaction. 

(4) If Group IV metals are present, they may be precipitated as 
vanadates. This is prevented by adding excess of FeCl 3 solution when 
ferric vanadate is precipitated here. 

(5) If much Cr and a little V is present, a second extraction with 
amyl alcohol may be necessary in order to ensure the complete removal 
of the Cr, and to render the coloration due to V completely visible. 
The addition of two drops of concentrated nitric acid intensifies the 
colour. 

(6) The dry test is preferable to the “aluminon” reaction, for the 
latter is not applicable in the presence of Be, If Be is absent, the 
“aluminon” test may be applied. 

(7) A precipitate that separates here may be (basic) beryllium 
carbonate. It should be filtered off and tested for Be by the basic 
acetate-chloroform test or by the acetylacetone test (see Section IX, 12, 
reactions 0 and P). 

IX, 19. Notes on the Precipitation and Separation of Group 
IIIB in the presence of “ Rarer ” Elements 

If thallium has been found in Group I, some of it may pass into 
Group IIIB because of the solubility of thallous chloride in water 
and be precipitated as TI2S. It may be readily detected by the 
green flame coloration, preferably viewed through a hand spectro- 
scope. Thallium is best separated from the other elements of Group 
IIIB by dissolving the precipitate in dilute nitric acid, boiling to 
expel hydrogen sulphide, adding a little sulphurous acid solution 
and boiling again to remove excess of sulphur dioxide. Upon 
pouring the solution into excess of aqueous sodium carbonate, the 
carbonates of cobalt, nichel, manganese and zinc are precipitated 
and the thallium remains in solution as the soluble thaUous car- 
bonate, The precipitated carbonates may be dissolved in dilute 
hydrochloric acid and the usual separation carried out. The 
thallium in the filtrate can be precipitated by the addition of freshly 
prepared, colourless ammonium sulphide solution. 

If vanadium and/or molybdenum have been detected in the 
earlier groups (as indicated by the production of a blue coloration 
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with hyckogen STilphide in acid solution), these elements may also 
be found in the filtrate from Group IIIB: a violet-red colour points 
to vanadium and a reddish-brown coloration to molybdenum. As a 
general rule, vanadium is generally removed in Group IIIA as iron 
vanadate and its presence in the Group IIIB filtrate is therefore 
unlikely. However, when the filtrate from Group IIIB is acidified 
with acetic acid and boiled, the production of a brown precipitate 
will indicate the removal of any residual molybdenum, vanadium 
or nickel in the form of sulphides. If desired, the precipitate may 
be dissolved in concentrated nitric acid, evaporated to dryness and 
the residue dissolved in hydrochloric acid. Molybdenum is detected 
by the ammonium thiocyanate or the potassium xanthate test 
(Section IX, 4), and vanadium by the KClOg-^-phenetidine or 
hydrogen peroxide reactions (Section IX, 11). 

Lithium, Li 

Lithium is a silver-white metal; it is the lightest metal known 
(density 0-534 at 0°) and floats upon petroleum. It oxidises on expo- 
sure to air, and reacts with water forming lithimn hydroxide and 
liberating hydrogen, but the reaction is not so vigoi*ous as with sodium 
and potassium. The metal dissolves in acids with the formation of 
salts. The salts may be regarded as derived from the monoxide Li 2 O. 

Some of the salts, notably the chloride LiCl and the chlorate LiClOg, 
are very deliquescent. The solubilities of the hydroxide LiOH (113 
grams per litre at 10°), carbonate LigCOg (13-1 grams per litre at 13°), 
the phosphate Li 3 P 04 (0-30 grams per litre at 25°) and the fluoride LiF 
(2-7 grams per litre at 18°) are less than the corresponding sodium and 
potassium salts, and in this respect lithium resembles the alkaline 
earth metals. 

IX, 20. REACTIONS OF LITHIUM COMPOUNDS 

Use lithium carbonate Li 2 C 03 dissolved in the minimum volume 
of 2N hydrochloric acid. 

1. Sodium Phosphate Solution: partial precipitation of 
lithium phosphate Li 3 P 04 in neutral solutions; the precipitate is 
more readily obtained from dilute solutions on boiling. Precipita- 
tion is almost complete in the presence of sodium hydroxide solution. 
The precipitate is more soluble in ammonium chloride solution than 
in water (distinction from magnesium). 

SLiCl + hragHPO^ + NaOH == Li 3 P 04 + 3NaCl -f H^O 

Upon bofling the precipitate with barium hydroxide solution, it 
passes into solution as lithium hydroxide (difference from mag- 
nesium). 

2. Sodium or Ammonium Carbonate Solution: white pre- 
cipitate of lithium carbonate Li 2 GG 3 from concentrated solutions 
and in the presence of ammonia solution. No precipitation occurs 
in the presence of high concentrations of ammonium chloride since 
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tlie carbonate ion concentration is reduced to such, an extent that 
the solubility product of Li2G03 is not exceeded : 

S, Ammoniiim Fluoride Solution; a white, gelatinous preci- 
pitate of lithium fluoride LiF is slowly formed in ammoniacal 
solution (distinction from sodium and potassium). 

LiCl 4- NH4F LiF -f NH 4 CI 

i. Tartaric Acid, Sodium Cobaltinitrite or Chloroplatinic 
Acid Solution: no precipitate (distinction from potassium), A 
precipitate of lithium cobaltinitrite is, however, produced in very 
concentrated (almost saturated) solutions of lithium salts; inter- 
ference with the sodium cobaltinitrite test for K+ is therefore un- 
likely. 

Ferric Periodate” Test. — Ferric salts react with periodates 
to yield a precipitate of a complex ferric periodate: this precipitate is 
soluble in excess of the periodate solution and also in excess of potassium 
hydroxide solution. The resulting alkaline solution of the ferric 
periodate complex is a selective reagent for lithium, since it gives a 
white precipitate KLiFeilO^], even from dilute solutions and in the cold. 
Sodium and potassium give no precipitate: ammonium salts, all metals 
of Groups I to IV and magnesium should be absent. 

Place a drop of the neutral or alkaline test solution in a micro test- 
tube, add 1 drop of saturated sodium chloride solution and 2 drops of 
the ferric periodate reagent. Carry out a blank test with a drop of 
Stilled water simultaneously. Immerse both tubes for 15-20 seconds 
in water at 40-60 °C7. A white (or yellowish-white) precipitate indicates 
the presence of lithium j the blank remains clear. 

Sensitivity: Od ftg. Li. Concentration limit: 1 in 100,000. 

The * ‘ferric periodate” reagent is prepared by dissolving 2 grams of 
potassium periodate (KIIO4) in 10 ml. of freshly prepared %N potassium 
hydroxide solution, diluting with water to 50 ml., adding 3 ml. of 10 
per cent ferric chloride solution and diluting to 100 ml. with %N potas- 
sium hydroxide solution. The reagent is stable. 

Ammonium Carbonate Solution (Microscope Test). — 
Lithium carbonate, when freshly formed, has a characteristic appear- 
ance under the microscope. 

Place a drop of the concentrated test solution on a microscope slide. 
Introduce a few minute specks of sodium or ammonium carbonate. 
Some lithium carbonate crystals are formed immediately. Examine 
under the microscope (magnification: ca, 200 diameters): the crystals 
are in the form of either hexagonal stars or plates (compare CaS04,2H20, 
Section III, 31, reaction 10). 

The cations of the alkaline earth metals and of magnesium must be 
absent. 

Concentration limit: 1 in 10,000. 

Dry Test 

Flame coloration . — ^Lithium compounds impart a carmine-red 
colour to tbe non-luminous Bunsen flame. The colour is masked 
by the presence of considerable amounts of sodium salts, but be- 
comes visible when observed through two thicknesses of cobalt glass. 
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The most distinctive test utilises the spectroscope; the spectrum 
consists of a beautiful red line at 6708A ^ speccrum 

To separate lithium from the other alkali metals, they are all 
converted mto the chlorides (by evaporation with conTentratS 
hy^ochloric acid, if necessary), evaporated to dryness and the 
residue extracted vith absolute alcohol which dissolves the lithium 

ChI .CH, ' (diethylene 

acetone. Upon evaporation of the 

extract, the residue of lithium chloride is (a) subiected to tbe 
mi m p^ipitaW as the phosph.teUteSS.ta“ 
and addmg sodium hydroxide solution. m water 

Note on the Detection of Lithium in Group V 

This element is readily detected in the residue of Group V bv 
means of the hand spectroscope (see Section II, 1, Sails S 

_ In Table ^ are collected the colorations produced with the borax 
beads for difference elements and wffl be useful for referenL p^ 
poses (compare Section VII, 2, test (iv)). lerence pur- 
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Table VI. Borax Bead Tests 


Oxidising flame 

Reducing flame 


Hot 

Gold 

Hot 

Gold 

Metal 

1. Green 

Blue 

Colourless 

Opaque red 

Copper 

2. Yellowish- 
brown 

Yellow 

Green 

or brown* 
Green 

Iron 

3. Yellow 

4. Violet 

(amethyst] 

Green 

Amethyst 

Green 

Colourless 

Green 

Colourless 

Chromium 

Manganese 

5. Blue 

6. Violet 

Blue 

Reddish- 

brown 

Blue 

Grey 

Blue 

Grey 

Cobalt 
i Kickel 

7. Yellow 

8. Rose-violet 

9. Yellow 

10. Yellow 

Colourless 

Rose-violet 

Colourless 

Bale 

yellow 

Greenish- 

yellow 

Colourless 

Colourless 

. 

Brown 

Red 

Yellow 

Green 

Brown 

Violet 

Yellow- 

brown 

Bottle- 

Molybdenum 

Gold 

Tungstenf 

Uranium 

11. Yellow 

Brownish 

green 

Emerald- 

Vanadium 

12. Yellow 

13. Orange-red 

* C.-. i 

Grey 

Colourless 

green 

Pale- violet 
Colourless 

TitaniumJ 

Cerium 


presence oi a trace of tin. 

blood-rod whea 



CHAPTER X 


PAPER CHROMATOGRAPHY 

X, 1. Introduction. Rp Values. — In filter-paper chromato- 
graphy a small amount of material (say, an aqueous solution 
containing a mixture of cations) is placed upon a limited area 
near the end of a strip of filter paper, and a solvent is allowed 
to diffuse from the end of the paper by capillary action: under 
suitable conditions and after some time (1-30 hours), the 
mixture will be found to have migrated from its limited area 
of application and separated wholly or partially into its com- 
ponents as distinct zones. The zones in the form of spots or 
bands may be located by the application of appropriate 
chemical reagents to the paper or by ultra-violet fluorescence. 
The diffusion of the solvent and the resulting separation into 
spots or bands is sometimes termed the development of the 
chromatogram; this term is a little misleading and should not 
be confused when employed in the above sense with the sub- 
sequent identification process by means of which the zones are 
rendered clearly visible by treatment of the paper with various 
reagents. The author prefers to confine the phrase ‘‘develop- 
ment of the chromatogram” to signify the treatment of the 
chromatogram after it has been formed, and it will have this 
significance when employed in the present chapter. 

To specify the position attained by a substance or ion in a 
paper chromatogram, the term was introduced : this is the 
ratio of the distance travelled by the substance or ion to that 
of the solvent front, measured from the point of application 
of the mixture. Eig. X, I, 1 will help to make the definition 
of B^ clear: in (a) the strip of filter paper is shown immersed 
in the solvent and supported by a glass rod; in (b) AB indicates 
where the spot of the solution was applied at the beginning 
of the experiment ; in (c) the position of two bands (rendered 
visible, for example, by spraying with an appropriate chemical 
reagent) C and D, and also of the solvent front E, are indicated. 
The Bp value for the substance or ion at C is x/z and the 
substance or ion at D is ^/z. It is found that under comparable 
conditions many ions have characteristic Bp values; separation 
by paper chromatography is usually possible when the Bp 
values differ by about 0*1. 



617 


1] Paper Chromatography 

The position of AB (usually a pencilled line) is fixed by 
applying a drop of the solution from a capillary pipette or 
micro syringe along the line. The distance moved by the 
substance or ion is generally taken as the distance between 
the line AB and the “centre of gravity” of the band; the 
resulting i?y value does not take into account the width of 
the band and also some uncertainty may be introduced if the 
band has diffuse boundaries. 

The values of J?y are reasonably constant providing close 
control of all variables is maintained. It is found, however, 
that the relative rates of movement are constant with less 



{a) (b) (c) 

Fig.X, i, l 


rigid control, thus enabling one band on a strip to be identified 
by its position relative to known bands. Furthermore, with 
the large number of “spot” tests available for the detection 
of individual inorganic radicals, the necessity for an accurate 
knowledge of values ,is diminished. If constancy of pure 
solvents, of temperature and saturation of the atmosphere are 
maintained, it is found that values are influenced inter alia 
by the following factors: 

{a) The presence of other ions, c.gr. the presence of chloride 
in separations carried out with nitrate solutions. 

(6) The acidity of the original solution: this may be due to 
the need for acid in the formation of a complex which is soluble 
in the organic solvent, to prevent hydrolysis of the salt, etc. 

20 * 
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(c) The time of strip ; sometimes the values 

increase with the time of running at the outset and this may 
correspond with a decrease in the rate of movement of the 
solvent front, 

(d) The presence and concentration of other cations. 

It is not proposed to deal with the theory of paper chromatO' 
graphy here, but it may be pointed out that an important 
factor is the distribution of the inorganic compound between 
an organic solvent and water. The distribution may be varied 
inter alia by forming complexes of the cations with different 
organic solvents or mixtures of solvents. 

The separation of metals constituting the usual groups in 
qualitative analysis, and also the isolation of the constituents 
of mixtures containing some of the less common metals, will 
be described. A few separations of anions will also be given in 
outline. 

Some advantages of paper chromatography may be men- 
tioned: 

(i) The procedure is simple and reasonably rapid. 

(ii) Costly special apparatus and reagents are not necessary. 

(iii) Only small quantities of materials are required. 

(iv) The method has proved successful for the separation 
and detection of groups of metals which are difficult to deal 
with by routine qualitative analysis, e,g, the separation of the 
platinum metals from one another, of beryllium from alu- 
minium, of scandium from the rare earths and thorium, and 
of hafnium from zircoiunm. 

X, 2. Apparatus and General Teehnique.— For general use, 
Whatman No. 1 paper is satisfactory. No. 3MM is similar in 
speed but thicker, and therefore has a higher water content, 
^^atman No. 4 is a very much ''faster’’ paper; it is not widely 
employed in inorganic chromatography. 

For routine work in qualitative analysis, the apparatus 
depicted in Fig. X, 2, 1 is inexpensive and efficient. It consists 
of a glass gas jar or measuring cylinder (say, 22 inches by 3 
inches), closed with a tight-fitting cork or rubber bung which 
carries a glass rod to which a glass boat is fused. (The glass 
boat, with approximate dimensions, is shown in Fig, X, 2, 2.) 
The boat is suspended about an inch below the bottom of the 
cork, and serves as a container for the solvent employed in 
the separations. Two side arms are fused to the glass rod 
above the glass boat and these act as supports for a pair of 
paper strips ; only one paper strip is shown in position in the 
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dia^am. In order to saturate the atmosphere in the cvlinder 
wi J respect to the solvent, a layer of the latter is kept at the 
bottom of the glass cylinder; this wiU prevent eva>ration 
effects from disturbing the equilibrium of the solvents travel- 
ling down the paper. In some separations it is also necessary 
to control the amount of water vapour in the atmosphere - for 
this purpose a beaker containing water, saturated salt solution 
- or aqueous acid saturated with the solvent is 
placed on the bottom of the jar. It is ad- 
vantageous to^ maintain fairly constant tem- 
peratme conditions and for some separations 
the whole apparatus is kept in a thermostatic- 
ally controlled (±1°) cabinet or bath. The 
size of the airtight container should be com- 
mensurate with the narrow strips of filter paper 



Kg. X, 2 , 1 


Kg.X, 2.2 


ordinarily employed, otherwise with volatile solvents it is 
difficult to maintain the equilibrium of the solvent mixture 
running in the paper and which is essential for the separation. 

The procedure permits the separation of 1-200 jag. of ions: 
under favourable conditions as much as 1 mg. (1000 jag.) of 
certain ions may be separated by chromatography. Strips of 
Whatman No. 1 filter paper, 12-18 inches long and 1 inch 
wide, are cut from the rolls supplied by the manufacturers. 
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A light pencil line is drawn across the width of the paper 
about 3 inches from the upper edge; this acts as the zero line. 
A convenient volume (say, 0*05 ml.) of the test solution, 
containing not more than 1 mg. of the mixed metals (say, as 
chlorides) is applied to the centre of the zero line with the aid 
of a micro pipette*: the strip is held horizontally until the 
liquid is absorbed. The spot usually forms a wet patch about 
one inch square; this is generally allowed to dry completely in 
the air (ca. one hour), although in some cases the degree of 
drying is dependent upon the chemical stability of the salts 
undergoing separation. The strip is then hung vertically in 
the cylinder with the upper end immersed in the solvent 
contained in the glass boat; the upper end of the strip may be 
held down in the glass boat by means of a glass rod, but with 
two strips touching in the trough, the capillary and other 
forces suffice to hold the strips in position without the necessity 
of weighting. After the solvent has diffused dowm the paper 
a sufficient distance to effect a separation (1“24 hours; this 
may be when the solvent front has travelled within 1-2 inches 
of the lower edge of the paper), the strip is removed from the 
cylinder. The position of the solvent front should be marked 
whilst the strip is still wet with solvent, since it is sometimes 
difficult to locate it when dry.f The solvent is then allowed to 
evaporate, ie. the strips are dried by pinning or clipping them 
over a glass rod clamped or supported at a convenient height. 
The presence and position of the salts on the strip are detected 
by spraying with a suitable reagent. The simple type of 
atomiser shown in Fig. II, 6, 5, inserted m a test-tube or small 
flask, may be used. [If available, it is more satisfactory to 
employ a commercial form of atomiser operated by a constant 
pressure device (ca. 10 Ib./sq. in.).] After spraying, the 
coloured bands may not reach their maximum intensity until 
several hours have elapsed. 

A large number of organic and inorganic reagents have been 
used. The criteria applied in selecting a reagent for paper 
chromatography differ from those usually employed in choosing 
a “spot’’ test reagent. It is not necessary for the reagent to 

* It has been recoininended that a series of micro drops (say, from a micro 
syringe of the Burroughs Wellcome type) be placed at intervals along the 
pencil line : this procedure is not essential for routine work in qualitative 
inorganic analysis. 

t For some mixed solvents containing water, there may be two solvent 
fronts, one of the dry solvent (lower area— the position of this is noted) and 
another wet solvent front (upper area, in which the paper is saturated with 
water. 
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be specific for a certain ion or radical, but it is desirable to have 
one which will give a test for as many ions or radicals as 
possible. The reagents employed include diphenylthiocarba- 
zone (dithizone), rubeanic acid, diphenylcarbazide, alizarin, 
salicylaldoxime, morin, potassium ferrocyanide, potassium 
chromate, ammonium sulphide and hydrogen sulphide (as the 
free gas). In many instances mixtures of two or more of these 
reagents are advantageous. 

In order to obtain repeatable results, the compositions of 
the solvents employed must be constant. In some cases, 
particularly with water-miscible solvents, small variations in 
the water content may affect considerably the efficiency of 
the separation. All the solvents used must be of high purity. 

Some of the solvents employed are detailed below: 

(i) 7^-Butyl alcohol saturated with SN hydrochloric acid. 
Equal volumes of the alcohol and SA hydrochloric acid are 
shaken together; the upper layer is used. 

(ii) Acetylacetone is saturated with water: to 7-5 ml. of the 
saturated solvent, 0-05 ml. of concentrated hydrochloric acid 
and 2 ‘5 ml. of dry acetone are added. This solvent is de- 
scribed as acetylacetone saturated with water and containing 
0-5 per cent (v/v) of hydrochloric acid (d M8) and 25 per cent 
(v/v) of dry acetone. 

(iii) Glacial acetic acid containing 25 per cent (v/v) of dry 
methyl alcohol. 

(iv) Acetone containing 5 per cent (v/v) of water and 8 per 
cent (v/v) of hydrochloric acid (d 1*18). 

(v) Pyridine containing 20 per cent (v/v) of water and 1 per 
cent (w/v) of potassium thiocyanate. 

(vi) Methyl alcohol. 

(vii) Methyf ethyl ketone containing 30 per cent (v/v) of 
hydrochloric acid {d 1*18). 

(viii) Cellosolve (ethylene glycol monoethyl ether) contain- 
ing 20 per cent (v/v) of hydrochloric acid {d 1T8). 

(ix) Ethyl ether containing 2 per cent (w/v) of dry hydrogen 
chloride and 7*5 per cent (v/v) of dry methyl alcohol. 

(x) Methyl acetate containing 3 per cent (v/v) of methyl 
alcohol and 10 per cent (v/v) of water. 

(xi) Dry ?i-butyl alcohol containing 40 per cent (v/v) of dry 
methyl alcohol. 

(xii) Tetrahydrosylvan contammg 5 per cent (v/v) of water 
and 10 per cent (v/v) of nitric acid {d 1*42). 

(xiii) Pyridine containmg 10 per cent (v/v) of water. 
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The foilowixig details for the purification of solvents for 
paper cliromatography may be useful: 

Reflux with solid potassium hydroxide and potas- 
sium permanganate for one hour, and fractionate. Use the 

fraction, b.p. 56° ± 


Methyl ethyl kekme. As for acetone. Use fraction, b.p. 79’5"-80°. 
I II III IV V VI VIII 



Fig. X, 2, 3 


Methyl n-projpyl ketone. As for acetone. Use fraction, b.p. 
99-102°. 

Methyl alcohol. Redistil the purest commercial (synthetic) 
alcohol. B.p. 63°. 

n-Butyl alcohol. Dry over anhydrous calcium sulphate, filter 
and distil. Use fraction, b.p. 116-5-1 17*5°. 

Pyridine. The AnalaR brand is satisfactory. 

Ethyl acetate. Shake with saturated calcium chloride solu- 
tion, dry with anhydrous calcium sulphate, filter and distil. 
B.p. 76-5-77*5°. 
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Methyl acetate. As for ethyl acetate. B.p. 56*5~57*5®, 

Diethyl ether. Eefltix with alkaline potassinm permanganate, 
dry with anhydrous calcium sulphate, filter and distil. B.p. 
35 "^. The ether is free from peroxides. 

Tetrahydrosylmn, As for diethyl ether. B.p. 79-80°. 

The results of some typical separations are shown in Fig. 
J, 2, 3 ; the Figure has been drawn from actual photographs 
of the paper chromatograms. The following separations are 
indicated: 

I— Group IIA, Cu, Pb, Bi, Cd and Hg. 

II— Group IIIB, Ni, Mn, Co and Zn. 

III— Group IV, Ba, Sr and Ca. 

IV— K, Na and Li. 

V— Rh, Pd, Pt and An. 

VI — ^Au from the Pt metals. 

VII— TeandSe. 

VIII— Cl, Br and L 

Full details of these separations are given in the following 
Sections. 

X, 3. SOME TYPICAL GROUP SEPARATIONS 

Group 1. — ^Ag, Pb and Hg (ous)» The metals are present 
as nitrates in dilute nitric acid. The solution is spotted upon 
paper and allowed to dry in air for one hour. The solvent 
consists of w-butyl alcohol, mixed with 5 per cent (v/v) of 
glacial acetic acid, followed by water to turbidity. The separa- 
tion (elution) is allowed to proceed for 12-16 hours in an 
atmosphere saturated with the solvent. The strip is removed 
from the extraction vessel, dried in air and then sprayed with 
a 0*05 per cent solution of dithizone in chloroform. 



Bp values 

Colour of band 

Pb 

0*08 

Rose pink. 

Ag 

0T6 

Orange. 

Hg (ous) 

0-85 

Pink. 


The paper chromatogram may also be developed by exposure 
to hydrogen sulphide gas, but the results are not as satisfactory 
as with dithizone. 

Group IIA. — Hg, Pb, Bi, Cu and Cd. The metals are 
present as chlorides in dilute hydrochloric acid. The solvent 
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used m ^-butyl alcohol saturated with 3^ hydrochloric acid. 
To obtain a good separation of copper and lead, the strip 
should be at least 18 inches long. The solvent is allowed to 
flow for 15-18 hours in an atmosphere saturated with respect 
to both organic solvent and aqueous phases. After evaporation 
of the solvent, the strip is sprayed with a solution of dithizone 
in chloroform (0-05 per cent w/v). Lead gives only a weak 
colour with dithizone and is best detected by spraying the top 
portion of the strip with an aqueous solution of rhodizonic acid. 



i?!- values 

Reagent 

Colour of baud 

Cu 

0*20 

Dithizone 

Purple-brown. 

Pb 

0-27 

Rhodizonic 

acid 

Bright blue. 

Bi 

0-59 

Dithizone 

Purple. 

Cd 

0-77 

Dithizone 

Purple. 

Hg(ic) 

0-81 

Dithizone 

Pink. 


Group IIB.— As, Sb and Sn. The separation of a mixture 
of the three elements is a difficult operation. The metals are 
present as their lower chlorides in dilute (2-4^) hydrochloric 
acid. The solution is spotted on paper and allowed to dry in 
air for 15 minutes. The solvent consists of 7*5 ml. of acetyl- 
acetone (b.p. 137-141°) saturated with water and treated with 
0*05 ml. of concentrated hydrochloric acid and 2*5 ml. of 
acetone (sufficient of the last-named to give a clear solution). 
The separation is allowed to proceed for 1 hour in an atmosphere 
saturated with respect to a saturated solution of acetylacetone 
in water ; the solvent movement is about 15 cm. The complexes 
formed are very stable, particularly that with tin (i2j, — 1), 
The strip is removed from the extraction vessel, the solvent is 
allowed to evaporate for several minutes, and the strip is 
sprayed (before it is completely dry) with a chloroform solution 
of dithizone (0*05 per cent w/v), and then allowed to dry 
thoroughly. The tin is found in the solvent front. 



Rp values 

Colour of baud 

As 

0-2 

YeUow, 

Sb 

0-6 

Red. 

Sn 

I'Q 

Purple. 
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Group HIA.— Fe, A1 and Cr. The main difficulty here is 
the separation of the aluminium and chromium. The metals 
are present as chlorides in 6N hydrochloric acid. The solvent 
employed is glacial acetic acid containing 25 per cent (v/v) of 
dry methyl alcohol. The test solution is spotted upon filter 
paper and allowed to evaporate to dryness in air. The elution 
is allowed to proceed for 12 hours in an atmosphere saturated 
with respect to the mixed solvents: the use of a saturated 
solution of potassium carbonate to maintain a low humidity 
improves the separation. After the solvent has evaporated, 
the strip is cut lengthwise in two portions. One portion is 
sprayed with a saturated alcoholic solution of alizarin, made 
alkaline by exposure to ammonia vapour and then warmed ; A1 
appears as a red band well separated from a purple band due 
to iron. The other portion of the strip is sprayed first with 
6 per cent aqueous sodium peroxide and then with a 0*05 per 
cent solution of benzidine in 10 per cent acetic acid: Cr is 
indicated as a bright blue band just behind the Al. 

Group IIIB. — Ni, Co, Mn and Zn. The metals are present 
as chlorides in dilute hydrochloric acid. The solvent used is 
acetone containing 5 per cent (v/v) of water and 8 per cent (v/v) 
of hydrochloric acid {d 1*18). The separation is conducted in 
an atmosphere saturated with respect to the solvent. The 
strip is dried (after a solvent movement of about 25 cm.), 
exposed to ammonia vapour and then sprayed with a saturated 
alcoholic solution of alizarin containing 0*1 per cent of rubeanic 
acid and 1 per cent salicylaldoxime. The following results 
are obtained. 



values 

Colour of baud 

Ni 

0-07 

Blue. 

Mn 

0-3 

Brown. 

Co 

0-6 

Brown. 

Zn 

0-9 

Purple. 


Group IV. — Ca, Sr and Ba. This is a difficult separation. 
The metals are present as chlorides. The solvent used is 
pyridine containing 20 per cent (v/v) of water and 1 per cent 
(w/v) of potassium thiocyanate. The elution is allowed to 
proceed for 5-6 hours in an atmosphere saturated with respect 
to pyridine and also with a relative humidity of between 65 
and 80 per cent ; the latter is attained by the use of a saturated 
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aqueous solution of ammonium nitrate or chloride. The solvent 
front moves about 20 cm. The strip is dried, and then sprayed 
with a saturated alcoholic solution of alizarin to identify Ca, 
and with 0-1 per cent (w/v) aqueous sodium rhodizonate (freshly 
prepared) to reveal Ba and Sr. The values are: Oa, 0*95; 
Sr, 0-75 ; Ba, 0-16. 

Group V.— Na, K and LL The metals are present as 
chlorides in neutral solution. The solvent used is methyl 
alcohol. The position of the alkali metal chloride bands is 
detected by spraying with O^liV' silver nitrate and 0*1 per cent 
fluorescein in 50 per cent alcohol, and then drying the strip* 
The JBp values are : Li, 0>8; Na, 0-5; K, 0-1. 

Alkaline earth and alkali metals. — Be, Ca, Sr, Ba, Mg; 
Na, K and Li. The experimental details given below permit 
the separation of Be, Mg, Ca, Sr and Ba; Mg, Na and K; 
Mg, Ca, Na and K; and of Li, Na and K. The metals are 
present as acetates in dilute acetic acid solution. The solvent 
is a mixture of 80 per cent ethyl alcohol and 20 per cent (v/v) 
of 2N acetic acid. The elution is allowed to proceed for about 
24 hours. The paper chromatogram, after drying in an air 
oven at 60°(7, is developed by spraying with 0-1 molar aqueous 
solution of violuric acid (5-isonitroso-barbituric acid) and then 
dried at 60 The values and the colours of the bands 
are collected below. 


Metal 

i2p values 

Colour of band 

Be 

0-86 

Yellowish-green. 

Mg 

0*76 

Yellowish-red. 

Ca 

0-68 

Orange. 

Sr 

i 0-56 

Beddish-violet. 

Ba 

0-43 

Pale red. 

Li 

0-76 

Reddish-violet. 

Na 

0-56 

Reddish-violet. 

K 

0-46 

Violet. 


The reagent (obtainable from Eastman Kodak, etc*) is ex- 
pensive. 

Separation of Halides. — ^F, Cl, Br and I. The anions are 
present a^ tfleir sodium salts. The solvent used is either 
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pyridine containing 10 per cent (t/v) of water, or acetone 
containing 20 per cent (v/t) of water. The elution is con- 
ducted during h 5-2 hours in an atmosphere saturated with 
solvent vapour. After evaporation of the solvent from the 
strip, the latter is cut longitudinally. One part is sprayed with 
O-lA silver nitrate and 0*1 per cent fluorescein in 50 per cent 
alcohol, and the other is sprayed with the zirconium-alizarin 
reagent. Upon drying, the halides are clearly visible as 
characteristic bands, which when viewed under ultra-violet 
light appear as dark areas on a fluorescent background. The 
iJj. values are as follows. 


Radical 

Pyridine — 10% H^O 

Acetone— 20% H^O 

Fluoride 

0-00 

0-25 

Chloride 

0-24 

0*51 

Bromide 

0-47 

0*62 

Iodide 

0-71 

0*77 


Separations of Various Anions. Using a solvent mixture 
composed of 7 i-butyl alcohol, pyridine and TSA ammonia 
solution in the proportions of 2 : 1 : 2, the following values 
are obtained for the sodium or potassium salts: chloride, 0-24; 
bromide, 0*36, iodide, 0-47; chlorate, 0*42, bromate, 0*25, 
iodate, 0*09; nitrite, 0*25; nitrate, 0*40; arsenite, 0*19; arsenate, 
0*05; phosphate, 0*04; and thiocyanate, 0*56. The positions 
of the anions may be detected by spraying with ammoniacal 
silver nitrate; potassium iodide and hydrochloric acid is par- 
ticularly effective for chlorates, bromates and iodates. The 
jKjj values provide the basis for the separation of a number of 
mixtures of anions, e,g. chloride and iodide, bromide or iodide 
and nitrate. 

X, 4. MISCELLANEOUS SEPARATIONS 

A number of interesting and, in some cases, difficult separa- 
tions have been achieved by paper chromatography and details 
of some of these are given below. They serve to emphasise the 
great value of the technique. 

Aluminium and Beryllium. The metals are present as 
chlorides in dilute hydrochloric acid. The solvent consists of 
80 per cent ?^-butyl alcohol and 20 per cent hydrochloric acid. 
After elution overnight, the solvent front moves about 20 cm. 
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The positions of the ahiminium and beryllmm bands are shown 
by spraying with an alcoholic solution of 8-hydroxyqmnoline. 
The bands fluoresce under ultra-violet light; the fluorescence 
intensifies upon drying the paper and exposing to ammonia gas. 
The values are: Al, 0*08; Be, about 0*3. 

This procedure permits the detection of 2 /i,g. of A1 in the 
presence of 300 /ig. of Be, and vice versa; traces of Be can thus 
be detected in M salts and traces of A1 in Be salts. 

Separation of Mercury from other Metals. The pro- 
cedure enables 1 jug. of Hg to be identified in the presence of a 
large excess of Pb, Cu, Bi, Od, As, Sb, Fe, Al, Cr, M, Go,^^ 
and Zn. The metals are present as chlorides. The solvent 
used is methyl acetate containing 3 per cent (v/v) of methyl 
alcohol and 10 per cent (v/v) of water. 

The test solution should not contain more than 5 per cent 
(v/v) of concentrated hydrochloric acid and must have a 
pH < 2. It is spotted on a paper strip and allowed to evapo- 
rate for 10-15 minutes. Diffusion of the solvent takes place 
in an atmosphere saturated with respect to the vapour of a 
saturated solution of methyl acetate in water, and the tem- 
perature is mamtained constant at 22®. The solvent moves 
sufiSiciently far in 20-30 minut^^ to effect a complete separation. 
After evaporation of the solvent, the strip is made alkaline by 
exposure to ammonia vapour and then sprayed with a 1 per 
cent solution of diphenylcarbazide in alcohol. Mercury is 
indicated by a narrow blue band in the dry solvent front. 

The Platinum Metals: Pt, Pd, Rh, Ir, Ru, Os and Au. 
The metals are present as their chlorides or sodium chloro-salts. 
The solvent used is methyl ethyl ketone containing 30 per cent 
(v/v) of hydrochloric acid {d 1*18); it is freshly prepared. The 
solution is spotted on the paper strip and allowed to dry 
thoroughly in the air. The atmosphere in the separation 
vessel is saturated with respect to the solvent. For the 
detection of Pt, Pd, Au and Rh, 0-5N stannous chloride in 
dilute hydrochloric acid is a suitable developing reagent; a 
mixture of stannous chloride and potassium iodide solution is 
somewhat more sensitive. Iridium is reduced to the colourless 
iridium trichloride by the stannous chloride, but can be re- 
oxidised to the brown tetrachloride by chlorine water. 
Ruthenium and osmium are detected by spraying with a solution 
of thiourea in 6N hydrochloric acid; warming is necessary 
to develop the colours fully. 
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Tlie J?!. values are: Ru, 0-08; Rh. + Ir, 0*10; Pd, 0*60; Pt, 
0*80; An, 0*95. The separation of the four elements Rh, Pd, 
Pt and Au is comparatively easy. 

Gold from the Platinum Metals. The metals are present 
as chlorides in hydrochloric acid (concentration > 2iV). The 
solvent is diethyl ether containing 2 per cent (w/v) of dry 
hydrogen chloride and 7-5 per cent (v/v) of dry methyl alcohoL 
The solution is spotted upon filter paper and the strip dried 
for one hour only. The separation is conducted in an atmo- 
sphere of solvent vapour. The solvent mixture extracts gold 
in a narrow band in the solvent front, while the platinum 
metals remain in the original spot ; the developing reagent is 
0*5^“ stannous chloride in dilute hydrochloric acid. It is easy 
to detect 1 [xg. of gold in the presence of more than 100 times 
the quantity of platinum metals. 

Selenium and Tellurium. The elements are present as 
selenite and tellurite in dilute nitric acid solution. The mixture 
is spotted upon paper and dried thoroughly in the air. The 
solvent is dry Ti-butyl alcohol containing 4 per cent (v/v) of 
dry methyl alcohol. The atmosphere in the separation vessel 
is saturated with respect to the solvent vapour and the relative 
humidity is also maintained at 50 per cent by means of a 
saturated solution of calcium nitrate. The solvent is allowed 
to diffuse 8-10 cm. down the strip {ca, 2 hours). After evapo- 
ration of the solvent, the strip is sprayed with 0-5N stannous 
chloride in dilute hydrochloric acid. The tellurium is indicated 
by a black band (JSj. 0*1) and the selenium as an orange band 
(Pp 0*5). It is possible to detect 1-5 /xg. of Se in the presence 
of 1 mg. of Te by this method. 

Scandium, Thorium and the Rare Earths. The metals 
are present as nitrates in dilute nitric acid solution. The 
solvent is tetrahydrosylvan containing 5 per cent (v/v) of water 
and 10 per cent (v/v) of nitric acid (ci 142). The mixture is 
spotted upon paper and dried thoroughly in the air. The 
relative humidity inside the extraction vessel is maintained at 
80 per cent by means of a saturated solution of ammonium 
chloride. After the solvent has diffused about 15 cm. down 
the solvent strip, it is allowed to evaporate, and the strip is 
placed for about 10 minutes in an atmosphere of ammonia 
vapour. The paper chromatogram is then sprayed with an 
alcohohc solution of alizarin and finally with N acetic acid. 
The following results are obtained. 
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Mif 

Colour of band 

Th 

0-96 

Violet-blue. 

So 

0-17 

Violet. 

Rare earths 

O-OO 

Violet-blue. 


Scandium can also be separated from the rare earths by 
using methyl acetate containing 10 per cent (v/v) of water and 
5 per cent (y/v) of nitric acid (d 1-42) as solvent. The strip is 
subjected to a solvent run of 25 cm. Scandium is then found 
in a narrow strip (JSj, 0*17), but thorium forms a more diffuse 
band. 

Uranium in Mineral Ores. An approximately 10 per 
cent solution of the sample containing 25-50 per cent of free 
nitric acid (by volume) is prepared by a suitable method (e.gf. a 
potassium hydrpxide or sodium peroxide fusion, followed by 
treatment with nitric acid), 0*05 ml. of the sample is spotted 
upon filter paper in the usual manner and allowed to dry in 
the air. The solvent consists of tetrahydro-sylvan (2-methyl 
tetrahydro-furan) saturated with water and to which sufficient 
concentrated nitric acid has been added to give a 2*5-10 per 
cent concentration of nitric acid. The paper strip is removed 
when the solvent front has moved 5-7 cms. beyond the test 
patch, and dried in a current of warm air. The uranium 
moves in a narrow band near the solvent front. The paper is 
sprayed with 1 per cent potassium ferrocyanide solution. A 
brown stain appears in the presence of uranium. The quantity 
of uranium may be estimated by comparison with standard 
stains prepared with known amounts (0*1-200 ju-g.) of uranium. 

Zirconium and Hafnium. This separation must rank as 
one of the major achievements of inorganic paper chroma- 
tography. The metals are present as zirconyl and hafnyl 
nitrates; basic nitrates must be absent since these are immobile. 
The mixture is best prepared by digesting the sample at 80 
with concentrated nitric acid and evaporating the excess of 
acid at the same temperature under reduced pressure: the 
product gives a clear solution when dissolved in water. 

The solvent is prepared by adding slowly 30 ml. of concen- 
trated nitric acid {d 1*42) to 70 ml. of dichlorotriethylene glycol; 
the mixture is stable for 2-3 days at room temperature. A 
total of 150 /x-g. of mixed oxides can be handled with a Whatman 
No. 1 paper strip, 3 cm. wide. The solution (0*02 ml.) is 



631 


4] Pa/per Chromatography 

applied to the paper and, without drying, is immediately trans- 
ferred to the extraction vessel. The olmomatogram is allowed 
to run for 18 hours : the solvent moves about 3 cm. per hour, 
and drips from the end of the strip at the end of the period. 
The wet strip is sprayed with a saturated solution of alizarin in 
ethyl alcohol containing 5 per cent (v/v) of 2N hydrochloric 
acid. The strip is then heated gently, care being taken that it 
never becomes completely dry; it is resprayed with the reagent, 
if necessary. The characteristic red lines of the zirconium and 
hafeium lakes appear slowly against the yellow background of 
the reagent. Narrow hands are obtained with iJj, values of 
0-1 for Hf and 0-2 for Zr. It is possible to detect 2 jag. of each 
metal, and also the presence of about 2 per cent of hafnium in 
commercial zirconium nitrate. 
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A, 1. Atomic Weights of Elements (1952) 


Aluminram, A1 

26*98 

Molybdenum, Mo 

95-96 

Antimony, Sb 

121*76 

Nickel, Ni 

58*69 

Argon, A 

39*944 

Niobium, Nb 

92*91 

Arsenic, As 

74*91 

Nitrogen, N 

14-008 

Barium, Ba 

137-36 

Osmium, Os 

190-2 

Beryllium, Be 

9-013 

Oxygen, 0 

16*000 

Bismuth, Bi 

209-00 

Palladium, Pd 

106-7 

Boron, B 

10-82 

Phosphorus, P 

30*975 

Bromine, Br 

79*916 

Platinum, Pt 

195-23 ' 

Cadmium, Cd 

112*41 

Potassium, K 

39*100 

Calcium, Ca 

40*08 

Radium, Ra 

226*05 i 

Carbon, C 

12*010 

Rhenium, Re 

186-31 

Cerium, Ce 

140-13 

Rhodium, Rh 

102-91 

Chlorine, Cl 

35*457 

Ruthenium, Ru 

101-7 

Chromium, Cr 

52-01 

Scandium, Sc 

44-96 

Cobalt, Co 

58*94 

Selenium, Se 

78*96 

Copper, Cu 

63-54 

Silicon, Si 

28*09 

Fluorine, F 

19-00 

Silver, Ag 

107*880 

Germanium, Ge 

72-60 

Sodium, Na 

: 22*997 

Gold,Au 

197-2 

Strontium, Sr 

:'-"':87*63'''' 

Hafnium, Hf 

178-6 

Sulphur, S 

i 32*066 

Helium, He 

4-003 

Tantalum, Ta 

' 180*88 

Hydrogen, H 

1-008 

Tellurium, Te 

127*61 

Iodine, I 

126-91 

Thallium, T1 | 

204*39 

Iridium, Ir 

193-1 

Thorium, Th 

232-12 

Iron, Fe 

55-85 

Tin, 8n 

I18-70 

Lanthanum, La 

138-92 

Titanium, Ti 

47*90 

Lead, Pb 

207-21 

Tungsten, W 

183*92 

Lithium, Li 

6-940 

Uranium, U 

238*07 

Magnesium, Mg 

24-32 

Vanadium, V 

50*95 

Manganese, Mn 

54-93 

Zinc, Zn 

65*38 

Mercury, Hg 

200-61 

Zirconium, Zr 

91*22 
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Specific 

gravity 

Per cent by 
weight 

Approximate 

normality 

Acetic acid, glacial 

1-05 

99-5 

IW 

Hydrobromic acid 

149 

48 

m 

Hydrochloric acid 

119 

38 

12N 

Hydrofluoric acid 


48 

21 N 

Hydriodic acid 

1-70 

57 

IN 

Nitric acid 

142 

70 

16N 

Perchloric acid 

! 1*54 

60 

QN 

Phosphoric acid 

1 D69 

85 

4:5N 

Sulphuric acid 

1*84 

96 

B6N 


DILUTED ACIDS 

Approximate 

normality 


Acetic acid. — Dilute 285 ml. of the concentrated 
acid to 1 litre with water ... 5N 

Hydrochloric acid.— Dilute 430 ml. of the con- 
centrated acid to 1 litre with water ... ... 5N 

Nitric acid. — Dilute 310 ml. of the concentrated 
acid to 1 litre with water ... ... ... ... 5N 

Sulphuric acid. — Pour 140 ml. of the concen- 
trated acid slowly and with constant stirring into 
500 ml. of water, cool, and dilute to 1 litre ... 5N 

Sulphurous acid. — Prepare a saturated solu- 
tion in water (6-7 per cent by weight) ... ... 0'3iV 

BASES 

Ammonia solution, concentrated. — The com- 
mercial product, sp. gr. 0*88, contains about 28 per 
centNHs ... 15A 

Ammonia solution, dilute. — Dilute 335 ml, of 
the concentrated solution to 1 litre with water ... 5N 

Barium hydroxide solution. — Shake 70 grams 
of crystallised barium hydroxide Ba{ 0 H) 2 , 8 H 20 
with 1 litre of water; filter or siphon off the liquid^^ ^ ^ ^ ^ ^ 
(saturated solution) and protect from CO 2 of the 
air ... ... .V. 0*4A 
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Calcium hydroxide solution. — ^Shake 2-3 
grams of ealcium hydroxide with 1 litre of water ; 
filter or siphon off the liquid (saturated solution) 
and protect from CO 2 of the air ... 

Potassium hydroxide solution. — Dissolve 125 
grams of the ordinary “pure ” sticks (about 90 per 
cent KOH) or, better, pellets in water and dilute 
to 1 litre 

Sodium hydroxide solution. — Dissolve 220 
grams of the ordinary “pure” sticks (about 90 per 
cent NaOH) or, better, pellets in water and dilute 
to 1 litre ... ... ... ... 

SALT SOLUTIONS* 

Ammonium acetate, NH 4 ,C 2 H 302 (M.W. 
77).— Dissolve 231 grams of the salt in 1 litre of 
water ... ... ... 

Ammonium carbonate (the commercial salt 
is a mixture of NH 4 HCO 3 and NH 4 CO 2 NH 2 ). — 
Dissolve 160 grams of the salt in a mixture of 
140 ml. of concentrated ammonia solution and 860 


ml. of water ... ... ... ... ... ... AN 

Ammonium chloride, NH4CI (M.W. 53-5). — 

Dissolve 270 grams of the salt in 1 litre of water... 5N 

Ammonium nitrate, NH4NO3 (M.W. 80). — 

Dissolve 80 grams of the salt in 1 litre of water ... N 

Ammonium oxalate, (NH 4 ) 2 C 204 ,H 20 (M.W. 

142). — ^Dissolve 35 grams of the crystalline salt in 
1 litre of water 0*5iV 

Ammonium sulphate, (NH 4 ) 2 S 04 (M.W. 132). 

— Dissolve 132 grams of the salt in 1 litre of water 2N 

Ammonium thiocyanate, NH4SCN (M.W. 

76). — Dissolve 38 grams of the salt in 1 litre of 

water 0*5iV 

Yellow ammonium sulphide solution, 

(NH 4 ) 2 Sa;. — ^Use the solution available com- 
mercially. It may be prepared, if desired, as 
follows. Saturate 150 ml. of concentrated am- 
monia solution with H 2 S, keeping the solution cold ; 


add 10 grams of flowers of sulphur and 250 ml. of 
concentrated ammonia solution, shake until the 
sulphur has dissolved and dilute to 1 litre ... 6N 

* The common reagents chlorine water, bromine water, iodine solution and 
hydrogen sulphide water are included here. 


Approximate 

normality 

0*04iV' 

: 2iV : 

: 5A ' 
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ColoBrless ammoniiim sulphide solution, 
NH 4 HS.— Saturate 200 ml of concentrated 
ammonia solution cooled in ice water with H 2 S, 
add an equal volume of concentrated ammonia 
solution and dilute with water to 1 litre. This 
solution is prepared as required 

Approximate 

normality 

6N 

Bariuin chloride, BaCl 2 , 2 H 20 (M.W. 244). — 
Dissolve 61 grams of the salt in 1 litre of water ... 

0-5N 

Bromine water, Br 2 (M.W. 160). — 

saturated aqueous solution is prepared by shaking 
35 grams or 11 ml. of liquid bromine with water. 
Add more bromine, if necessary, to ensure a 
slight excess. 


Calcium chloride, CaCl 2 , 6 H 20 (M.W. 219). — 
Dissolve 55 grams of the hydrated salt in 1 litre 
of water ... ... . ... ... 

0-5N 

Calcium sulphate, CaS 04 , 2 H 20 (M.W. 172). 
— Shake 3 grams of the salt with 1 litre of water; 
filter or decant the saturated solution after several 
hours ... ... ... ... 

Q-OBN 

Chlorine water, CI 2 (M.W. 71). — Saturate 250 
ml. of water with chlorine. The chlorine may be 
generated by dropping concentrated HGl upon 
KMn 04 . Preserve in a dark-coloured bottle. The 
solution contains 6*5 grams of CI 2 per litre. 


Cobalt nitrate, Co(N 03 ) 2 , 6 H 20 (M.W. 291). — 
Dissolve 44 grams of the salt in 1 litre of water ... 

0-M 

Copper sulphate, CuSQ 4 , 5 H 20 (M.W. 249*5). 
— Dissolve 125 grams of the salt in 1 litre of water 
containing 3 ml. of concentrated sulphuric acid ... 

0-5N 

(as oxidant) 

Ferric chloride, FeCl 3 , 6 H 20 (M.W. 270).— 
Dissolve 135 grams of the hydrated salt in 1 litre 
of water containing 20 ml. of concentrated HCl ... 

0-5iV 

(as oxidant) 

Ferrous sulphate, FeS 04 , 7 H 20 (M.W. 277). — 
Dissolve 140 grams of the salt in 1 litre of water 
containing 7 ml. of concentrated H 2 SO 4 

0-5N 

(as reductant) 

Hydrogen sulphide solution, H 2 S (M.W. 34). 
— ^Saturate 250 ml. of water with H 2 S gas derived 
from a Eapp’s apparatus. The solution contains 
approximately 4*2 grams of H 2 S per litre 

0-05i^ 
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Iodine solution, I2 (M.W. 254). — Dissolve 12-7 
grams of iodine in a solution of 20 grams of pure 
KI in 30 mi. of water, and dilute to 1 litre with 
water ... 


[A, 

Approximate 

normality 


O-liV 


Lead acetate, Pb(G2H302)2,3H20 (M.W. 379). 

— ^Dissolve 95 grams of the salt in 1 litre of water 0*5iV' 

Magnesium sulphate, MgS04,7H20 (M.W. 

246). — ^Dissolve 62 grams of the salt in 1 litre of 

water ... ... ... 0^5N 


Mercuric chloride, HgClg (M.W. 272).~-Dis- 
solve 27 grams of the salt in 1 litre of water ... 0*2i\r 

Potassium chromate, K2Gr04 (M.W. 194). — 

Dissolve 49 grams of the salt in 1 litre of water ... 0-5N 

(as precipitant) 

Potassium cyanide, KGN (M.W. 65). — Dis- 
solve 32*5 grams of the salt in 1 litre of water 
{POISONOUS) ... ... ... 0-5W 

Potassium ferricyanide, K3[Fe(CN)6] (M.W. 

329). — ^Dissolve 55 grams of the salt in 1 litre of 0*5i7 

water ... ... ... ... ... (as precipitant) 

Potassium ferrocyanide, K4[Fe(GN)6],3H20 
(M.W. 422). — Dissolve 53 grams of the salt in 1 0^5N 

litre of water ... ... ... ... ... ... (as precipitant) 

Potassium iodide, KI (M.W. 166).— Dissolve 
83 grams of the salt in 1 litre of water ... ... 0-5N 


Potassium permanganate, KMn04 (M.W. 

316). — ^Dissolve 3*2 grams of the salt in 1 litre of O-liV’ 
water; filter through glass wool (as oxidant) 


Potassium thiocyanate, KSGN (M.W. 97). — 

Dissolve 49 grams of the salt in 1 litre of water ... 0*5i7 


Silver nitrate, AgNOs (M.W. 170).— Dissolve 
17 grams of the salt in 1 litre of water Q-IN 


Silver sulphate, Ag2S04 (M.W. 312). — Dis- 
solve 8 grams of the salt in 1 litre of water. This 
is nearly a saturated solution 0-05W 

Sodium acetate, Na.C2H302,3H20 (M.W. 

136). — ^Dissolve 408 grams of the orystaUised salt 

in 1 litre of water ... 3N 
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Approximate 

normality 

iN 


N 


0-5N 

0-SN 


Experimental details for the preparation of many of the 
special, largely organic, reagents are given in the text; these 
can be located by reference to the Index. Some reagents, 
which are required for macro and semimicro analysis and which 
are not described in detail in the text, are collected below. 

Ammonium molybdate reagent . — Method A, Dissolve 
45 grams of the commercial salt (NH 4 ) 6 Mo 7024 , 4 H 20 (a para- 
molybdate) or 40 grams of pure molybdenum trioxide M 0 O 3 in 
a mixture of 70 ml. of concentrated ammonia solution and 140 
ml. of water; when solution is complete, add it very slowly 
and with vigorous stirring to a mixture of 250 ml. of concen- 
trated nitric acid and 500 ml. of water; dilute to 1 litre. Allow 
to stand 1-2 days and decant the clear solution. 

Method B. Dissolve 45 grams of pure commercial ammonium 
molybdate in a mixture of 40 ml. of concentrated ammonia 
solution and 60 ml. of water, add 120 grams of ammonium 
nitrate and dilute to 1 litre with water. 

The alkaline solution of ammonium molybdate keeps better 
than does the nitric acid solution; there is little tendency for 
the separation of solid. Before using the alkaline solution, it 
is important to ensure that the test solution contains a slight 
excess of nitric acid. 

Dimethylglyoxime reagent.^ — ^Dissolve 1 gram of di- 
methylgly oxime in 100 ml. of rectified spirit (95 per cent ethyl 
alcohol). 


Sodium carbonate, Na 2 CO 3 , 10 H 2 O (M.W. 
286).— Dissolve 430 grams of the crystallised salt 
in 1 litre of water ... ... ... 

Disodium hydrogen phosphate Na 2 HP 04 ,- 
I 2 H 2 O (M.W. 358).— Dissolve 120 grams of the salt 
in 1 litre of water 

Stannous chloride, SnGl 2 , 2 H 20 (M.W. 226). 
— Dissolve 56 grams of the salt in 100 ml. of con- 
centrated HCl and dilute to 1 htre. Keep a few 
pieces of tin in the bottle to prevent oxidation ... 

Zinc Nitrate, Zn(N 03 ) 2 , 6 H 20 (M.W. 297).— 
Dissolve 150 grams of the salt in 1 litre of water 


SPECIAL REAGENTS 
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Fehling’s sohition.— Solution A (blue) : dissolve 34*6 grams 
of pure copper sulphate ChiS04,6H20 in distilled water aM 
dilute to 600 mi. 

Solution B (colourless): dissolve 173 grams of sodium potas- 
sium tartrate (Rochelle salt) and 50 grams of pure sodium 
hydroxide in water, and dilute to 500 ml. Alternatively, dis- 
solve 121 grams of pure sodium hydroxide and 93*1 grams of 
pure tartaric acid in water, and then dilute the solution to 
500 ml. 

Mix equal volumes of solutions A and B immediately before 
use. 

Formaldehyde. — ^Dilute the commercial 40 per cent solution 
(1 part) with water (7 parts). 

Fuchsin solution. — ^Dissolve 0*15 gram of fuchsin in 100 
ml. of water. 

Hydrogen peroxide. — ^Use the commercial “ lO-volume” or 
3 per cent solution. The ‘‘20-,” “40-” and “100-volume” 
solutions are also commercial products. 

Indigo solution. — Gently warm 1 gram of indigo with 12 ml. 
of concentrated sulphuric acid, allow to stand for 48 hours and 
pour into 240 ml. of water. Filter, if necessary. 

Magnesia mixture. — ^Dissolve 100 grams of magnesium 
chloride MgCl2,6H20 and 100 grams of ammonium chloride in 
water, add 50 ml. of concentrated ammonia solution and dilute 
to 1 litre with distilled water. 

Magnesium nitrate reagent. — Dissolve 130 grams of mag- 
nesium nitrate Mg(N03)2,6H20 and 240 grams of ammonium 
nitrate in water, add 15-20 ml. of concentrated ammonia 
solution and dilute with water to 1 litre. 

Manganous chloride reagent. — ^Add powdered manganous 
chloride MnCl2,4H20 to concentrated hydrochloric acid until, 
after shaking, it no longer dissolves, i.e. prepare a saturated 
solution. 

Sodium cobaltinitrite solution. — Dissolve 17 grams of the 
pure {e,g. analytical reagent quality) salt Na3[Co(N02)6] in 250 
ml. of water. 

Alternatively, the solution may be prepared as follows. 
Dissolve 7*5 grams of cobalt nitrate Co(N03)2,6H20 in 30 ml. 
of water; dissolve 60 grams of sodium nitrite in 30 ml. of water; 
mix the two solutions with vigorous stirring and add 15 ml. of 



2 ] 039 

glacial acetic acid, stir, dilute to 250 ml, allow to stand and 
filter. The solution should not be kept for more than 3-4 
weeks as it is somewhat unstable. 

Sodium hypocMorite solution.— The commercial product 
contains 10-14 per cent (w/v) of available chlorine. For most 
purposes, this must be diluted with an equal volume of water. 

Sodium nitroprnsside solution. — Prepare a solution as 
required by dissolving a crystal (about the size of a pea) in 
5 ml. of water. 

Starch solution.— Triturate 0*5 gram of soluble starch with 
a little cold water into a thin paste, and add 25 ml. of boiling 
water. Boil until a clear solution is obtained (5 minutes). 
This solution should be freshly prepared as required. A more 
stable starch solution is obtained by adding 0*5 gram of 
potassium iodide and 2-3 drops of chloroform. 

A more satisfactory starch solution” for use as an indicator 
is prepared as follows.* Mix 5*0 grams of powdered sodium 
starch gly collate with 1-2 ml. of ethyl alcohol, add 100 ml. of 
cold water and boil for a few minutes with vigorous stirring. 
This 5 per cent stock solution is stable for many months ; it is 
diluted to 0*1 per cent strength when required for use. 

Zirconyl nitrate reagent {/or fliwride Dissolve 0*1 

gram of zirconyl nitrate in 20 ml. of concentrated hydrochloric 
acid, and dilute with water to 100 ml. 

Zirconyl nitrate reagent (/or phosphate separations )* — 
Heat 10 grams of commercially pure ‘‘zirconium nitrate 
{Zr 0 (N 03 ) 2 , 2 H 20 } and 100 ml. of N nitric acid (prepared from 
6*2 ml. of concentrated nitrio acid diluted to 100 ml.) to the 
boiling point with constant stirring. Allow any undissolved 
solid to settle during 24 hours, and then decant the clear 
solution. 


SOLVENTS 


Amyl acetate, CH3COOC5H11 
Amyl alcohol, CgHnOH 
Carbon disulphide, CS2 
Carbon tetrachloride, CCh 
Chloroform, CHCI 3 


Ethyl alcohol (rectified spirit 
95%), C^HsOH 
Methyl alcohol (acetone free), 
CHsOH 

Ethyl ether, (C2ll6)20 
Triethanolamine, N(CH2CH30H)j 


* For preparation of sodium starch glycollate, see Vogel, Text Booh of 
Quantitative Inorganic Analysis, Second E<Mtion, 1951, p. 332. 

t Some commercial samples of “pure” zirconyl nitrate contain small 
amounts of ferric nitrate. A test for iron should therefore be made before 
preparing the solution. 
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SOLID REAGENTS 


Aliiminimn (tiimmgs or foil), A1 
Ammoniuni chloride, NH 4 CI 
AmiBoniiim nitrate, NH 4 NO 3 
Ammonium thiocyanate, NH 4 SCN 
Asbestos fibre, for filters 
Borax, Na 2 B 4 O 7 , 10 H 2 O 
Calcinm cMoride, CaCl 2 
Calcium fluoride, CaF 2 
Copper (foil or turnings), Cu 
Devarda’s alloy (powder) 

Ferrous sulphate, FeS 04 , 7 H 20 
Fusion mixture, Na 2 C 03 4 - KgCOg 
Glass wool 

Iron (wire or powder), Fe 
Lead dioxide (Mn free), PbOa 
Litmus paper (red and blue) 
Manganese dioxide (precipitated), 
MnOg 

Methyl violet paper 
Microcosmic salt, 
Na{]SfH4)HP04,4H20 
Potassium bisulphate, EZESO 4 
Potassium carbonate, K 2 CO 3 
Potassium chlorate, KCIO 3 
Potassium cyanide, KCN 
Potassium dichromate, K 2 Cr 207 
Potassium nitrate, KNOg 


Potassium nitrite, KNOg 
Potassium iodide, El 
Potassium permanganate, KMnOi 

Potassium persulphate, KgSaO 8 
Silica (precipitated), SiO 2 
Sodium acetate (fused), 
Na.CgHgOg 

Sodium bicarbonate, NaHCOg 
Sodium bismuthate, NaBiOj 
Sodium bitartrate, NaH . C 4 H 4 G 6 
Sodium hydroxide, NaOH 
Sodirnn nitrite, NaNOg 
Sodium nitroprasside, 
3Sra2[Fe(CN)sN0],2H20 
Sodium perborate, NaB 03 , 4 H 20 
Sodium sulphite, Na 2 B 03 , 7 H 20 
Sodium thiosulphate, 
lSra2S203,5H20 
Stannic chloride, SnCl4,5H20 
Stannous chloride, SnCl 2 , 2H gO 
Starch (soluble) 

Starch-iodide paper 
Sulphur (flowers), S 
Tartaric acid, H 2 .C 4 H 40 e 
Tin (pure foil), Sn 
Turmeric paper 
Zinc (20 mesh), Zn 


pH Indicator papers (narrow range: 2* 5-4*0, 4-0-5-5, 5-5-7-0, 7*0-8*5 
8*6-10*0; wide range: 2*0-10*5). 


A, 3. TEST SOLUTIONS 

In order that the student may be able to judge the relative 
proportions of the constituents of mixtures from the size of 
precipitates, it is essential that he employs solutions of known 
strengths from the very outset. The test solutions described 
below contain 10 mill^rams of the cation or anion per ml. 
If desired, stock solutions contaming 100 milligrams per ml. 
may be prepared (provided the solubility of the salt is suffi- 
ciently high) and these subsequently diluted. Pure chemicals 
should be employed for the preparation of these solutions. 

The cations are arranged in the order of the Groups ; the 
anions in the order in which they are described in Chapter IV. 
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Grams of 

/Special precautions in 


Formula of 

salt per 

CJation 

dry salt 

litre of 

preparation of the 


solution 

solution 

’Rg^^+ions) 

Hg,(N 03 )a. 2 H ,0 

14-0 

Use 100 ml. of dilute 
HNO 3 . 

Ag"^ 

AgNOa 

15-8 


Pb++ 

Pb(N03)2 

16-0 

Use 5 ml. of dilute HNO g. 

or Pb(C 2 H 302 ) 2 J“ 
3 H 20 

18-3 

Use 5 ml. of dilute 


Hg++ (io) 

HgCla 

13-5 

Br+++ 

Bi(N03)s,5H,0 

23-2 

Dissolve salt in 100 ml. 



of dilute HJSTOs ®'^d 
dilute to 1 litre. 


Cu+ + 

CuSO^.SHaO 

39-3 

Use 5 ml. of dilute H 2 SO 4 . 

or CuClas^HaO 

26-8 

Use 6 ml. of dilute HCl. 

Cd+ + 

3CdS04,8H20 

22-8 

Use 5 ml. of dilute H 2 SO 4 . 

or Cd(N 08 ) 2 . 4 H 20 

27-8 

Use 5 ml. of dilute HNOj. 

As (ous) 

ASaOg 

13-2 

Dissolve in hot water con- 


taming 20 ml, of dilute 
HCl and dilute to 1 litre. 



As (ic) 

AsgOg 

16‘3 

As for arsenious com- 

or ]Sra 2 HAs 04 , 12 H 20 

63-7 

pound. 

Sb (ous) 

SbClg 

18-8 

Dissolve in 600 ml. of 



dilute HCl and dilute 
to 1 litre. 


Sb (ic) 

SbCl, 

24-5 

As for antimonious com- 



pound. 

Sn++ (ous) 

Sna 2 . 2 H 20 

19-0 

Dissolve in 100 ml. of 


concentrated HCl and 
dilute to 1 litre. 



Sn++ + + (ic) 

; SnCl4,5H20 

29-5 

Dissolve in 500 ml. of 


dilute HCl and dilute 
to 1 litre. 



Fe++ (ous) 

FeS04,(]SrH4)2S04,- 

70-3 

Use 20 ml. of dilute 

6 H 2 O 


H 2 SO 4 . 

Fe + + + (ic) 

FeCl 3 , 6 H 20 

48-4 

Use 50 ml. of dilute HCl. 

Cr++ + 

CrCl 3 , 6 H 20 

61*2 

Use 50 ml. of dilute HCl. 


or K 2 SO 4 ,- 

96-0 

Use 50 ml. of dilute 


Cr2(S04)3,24H20 


H 2 SO 4 . 

A1+++ 

Al 2 (S 04 ) 3 , 18 H 20 

123-6 

Use 20 ml. of dilute 


or K 2 S 04 ,Al 2 (S 04 ) 3 ,- 


H 2 SO 4 . 


24 H 2 O 

175-9 

Use 20 ml. of dilute 




H 2 SO 4 . 

Co + + 

Co(N 03 ) 2 , 6 H 20 

49-4 


Ni++ 


47-8 



or 

40-5 


Mn+ + 

MnS04,4H20 

40-7 



or MnCl 2 , 4 H 20 

36-0 


Zn++ 

ZnS04,7H20 

44-0 



or Zn(NO 3 ) 2,61120 

45-5 


Ba++ 

BaCl 2 , 2 H 20 

17-8 



or Ba(jN’0 3 ) 2 

19-0 


Sr++ 

SrCl 2 , 6 H 20 

30-4 


Ca++ 

or Sr(N 08 ) 2 , 4 H 20 

32-4 


CaCl 2 , 2 H 20 

36-7 



or Ca(N 03 ) 2 , 4 H 20 

58-9 



21 
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Cations (contd.) 


Cation 

Formula of 
dry salt 

Grams of 
salt per 
litre of 
solution 

Special premutions in 
preparation of the 
solution 

: Mg+'J' : 

e:+ 

Na+ 

3SrH4+ 

MgS 04 , 7 H 20 or 
Ug{NO^Um20 

KCl 

or KNO 3 

NaCl ' i 

or NaNOg 

ISrH 4 Ci i 

or NH 4 NOS 1 

1014 

1054 

19'1 

25*9 

254 

37-0 

29-7 

444 



Note. If a slightly tobid solution is obtained with the cations of Groups 
IIIB, IV and Mg, about 5 ml. per litre of the dilute acid, corresponding to 
the anion of the salt, should be added. 


ANIONS 


Amon 

Formula of salt 

Grams of salt per 
litre of solution 

003 "“ 

NaaC08,lGHa0 

49-3 

S03~~ 

NaaS03,7Ha0* 

31-5 


NaaSa03,5HaO* 

22-2 

S~“ 

ISraaS,9H20 

764 

NOa” 

NaNOa* 

16-0 

or* 

KCN 

25*0 

ONO“" 

KCNO 

19*3 

schr 

KCKS 

16-9 

[Fe(CN),]— 

K: 4 [Fe(CN) 3 ], 3 HaO 

19*9 

[F6(0N)e]— 

K,[Fe(CN),] 

16*6 

cr 

NaCl 

16-6 

Br" 

KBt 

14*9 

r 

KI 

134 

IT 

ISTaF 

224 

AsOa or AsOs (arsenite) 

NaAsOg 

12*0 

ASO 4 (arsenate) 

Na2HAs04,7H20 

22-3 

NOa"- 

NaNOs 

13*7 

ClOa- 

KCIO 3 

14-7 

BrOg- 

KBrOa 

134 

108*“ 

KIO3 

12*2 

CIO4'' 

KCIO 4 

12-3 

BO a" (borate) 

NaaB 4 O 7 , 10 H: 2 O 

22*6 

804 "“ 

hra2SO4,10H2O 

33-6 

SiOa— 

HagSiOs 

164 

[SiFg] (siiicofluoride) 

maESiPel 

13*2 

PO“ 

lSra23BLP04,12H20 

37*7 

HPOa (phosphite) 

Ha 2 HP 03 , 2 H 20 

27*0 

HaPOa (hypophosphite) 

hfaHaPOa^aO 

16*3 

Cr 04 “- 

K 2 Cr 04 

16*7 

Mn04‘" ^ 

KMn 04 

13*3 

CaHgOa*’ (acetate) 

Ha.02H302,3H20 

23*1 

H.COa (formate) 

H-COaNa 

13'6 

Cg 04 (oxalate) 

ITaa .C2O4 

15*2 

C 4 H 40 e (tartrate) 

NaK.04H403,4H20 

19*1 

CgHgO^ (citrate) 

iTaj , 

15*6 

CTHgOg” (salicylate) 

C6B[4(0H)C02Na 

11*7 

C^HgOa” (benzoate) 

CgHgCGaK: 

13*2 

C 4 H 4 O 2 (succinate) 

G2H4(C02hra)2 

14*0 
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A, 4 BUFFER SOLUTIONS 

Tke following standards are suitable for the calibration of 
pH meters and for other purposes which require an accurate 
knowledge of pH. 


Solution 

pH at 



\ 12^0 

i 

25°0 

38°0 

Q-IM KHC204,H2C204,2H20 



1*48 

1*50 

0*llf HCl + 0*091f KOI 
Saturated solution of potas- 
sium hydrogen tartrate, 

i 

2*07 

2-08 

KHC 4 H 40 e 

O-OSilf potassium hydrogen 

— 

3*57 

— 

phthalate, KHC 8 H 4 O 4 

0-llf CH 3 COOH + O-lif 

4-000 (15“0) 

4-005 

4-015 

CHgCOONa 

0-0261f KH 2 PO 4 + 0-025ilf 

4-65 

4-64 

4-65 

Na 2 HP 04 . 12 H 20 

— 

6-85 

6-84 

0-051f Na2B407,12H20 

— 

9-18 

9-07 


Solutions of known pH for colorimetric determinations are 
conveniently prepared by mixing appropriate volumes of certain 
standard solutions. The compositions of a number of typical 
buffer solutions are given below. 


pH Range: 1*40-2*20 at 25°C {German and Vogel, 1937) 
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pH Range: 2-2-8-0 (Mcllvaine, 1921) 


20^00 ml, mixtures of X ml, of O^ZM. Na^EPO^ and Y ml, of 
0*1M citric acid. 


X (ml.) 
agHPOi 

Y (ml.) 
Citric acid 


X (ml.) 
NasHPOi 

Y (ml.) 
Citric acid 

pB. 

0-40 

19-60 

2-2 

10-72 

9-28 

6-2 

1-24 

18-76 

2-4 

11-15 

8-85 

5*4 

2-18 

17-82 

2-6 

11-60 

8-40 

5-6 

3-17 

16-83 

2-8 

12-09 

7-91 

6-8 

4-11 

lti-89 

3-0 

12-63 

7-37 

6-0 

4-94 

15-06 

3-2 

13-22 

6-78 

6-2 

5-70 

14-30 

3-4 

13-85 

6-15 

6-4 

6-44 

13-56 

3-6 

14-66 

6-45 

6-6 

7-10 

12-90 

3-8 

16-45 

4-56 

6-8 

7-71 

12-29 

4-0 

16-47 

3-53 

7-0 

8-28 

11-72 

4-2 

17-39 

2-61 

7-2 

8-82 

11-18 

4-4 

18-17 

1-83 

7-4 

9-36 

10-65 

4-6 

18-73 

1-27 

7-6 

9-86 

10-14 

4-8 

19-15 

0-85 

7-8 

10-30 

9-70 

5-0 

19-45 

0-55 

8-0 
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pm Ranges; 2*2~3-8, 4*0-6*2, 5^8-8‘0, 7-8-10-0 at 2§°C: 
(Clark and Lubs, 1916) 


(^) 2-2-3‘8. 50 Ml, 0'2M KHphthalate + P ml, 0'2M 

HGl, diluted to 200 ml, 

(B) pHM^O-6'2, 50 Ml, 0'2M KHphthalate + Q ml. 0^2M 
NaOEy diluted to 200 ml, 

Jfi) pH 5-8-8-0, 50 Ml. 0^2M KHJPO^ + R ml, 0*2M 
NaOHj diluted to 200 ml. 

(D) pH 7-8~10-0, 50 Ml, 0*2M H^BO^ and 0-2M KCl^ + S ml. 
0-2M NaOE, diluted to 200 ml. 

A 

B 

G 

D 

P (ml.) 
HQ 

pH 

Q {ml.) 
NaOH 

pH 

E (mi!.) 
NaOH 

pH 

S (ml.) 
NaOH 

pH 

46-60 

2-2 

0-40 

4-0 

3-66 

5-8 

2-65 

7-8 

39-60 

2-4 

3-65 

4-2 

5-64 

6-0 

4-00 

8-0 

33-00 

2-6 

7-35 

4-4 

8-55 

6-2 

5-90 

8-2 

26-50 

2-8 

12-00 

4-6 

12-60 

6-4 

8-55 

8-4 

20-40 

3-0 

17-50 

4-8 

17-74 

6-6 

12-00 

8-6 

14-80 

3-2 

23-65 

5-0 

23-60 

6-8 

16-40 

8-8 

9-95 

3-4 

29-75 

5-2 

29-54 

7-0 

21-40 

9-0 

6-00 

3-6 

35-25 

5-4 

34-90 

7-2 

26-70 

9-2 

2-65 

3-8 

39-70 

5-6 

39-34 

7-4 

32-00 

9-4 

_ 


43-10 

5-8 

42-74 

7-6 

36-85 

9-6 

— . 

— 

45-40 

6-0 

45-17 

7-8 

40-80 

9-8 

— 

— 

47-00 

6-2 

46-85 

8-0 

43-90 

10-0 


* That is, a solution containing 12'369 grams of HgBOg and 14*911 grams 
of KCl per litre. 
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jpH Ranges 2*6-12*0 at 18®C — Universal Buffer Mixture 
{Johmon aifid Lindsey, 19Z9) 

A mixture of 6*008 grams of A.R. citric acid, 3*803 grams of A.R. 
potassium diiiydrogen phosphate, 1*769 grams of A.R. boric acid 
and 5*266 grams of pure diethylbarbituric acid is dissolved in water 
and made up to 1 litre. The pH values of mixtures of 100 ml, of 
this solution with various volumes (X) of 0*2iV’ sodium hydroxide 
solution (free from carbonate) are taliulated below. 










SOLUBILITIES OF SALTS AND BASES IN WATER AT 18 °C* 























LOGARITHMS 


7 8 0 12 3 41 5 6 7 8 0 


0043 

0086 

0128 

0170 

0453 

0492 

0531 

0569 

0828 

0864 

0899 

0934 

1173 

1206 

1239 

1271 

1492 

1623 

1563 






3 6 9 11 

14 

17 20 23 26 

3 6 8 11 

14 

16 19 22 25 

3 6 8 11 

14 

16 19 22 24 

3 5 8 10 

13 

15 18 21 23 

3 6 8 10 
2 6 7 10 

13 

12 

16 18 20 23 

16 17 19 22 

2 5 7 9 

12 

14 16 19 21 

2 6 7 9 

11 

14 16 18 21 


4166 

4183 

4200 

4216 

4330 

4346 

4362 

4378 

4487 

14502 

4518 

4533 

4639 

4654 

4669 

4083 


4928 

5065 

5198 

5328 

4942 

5079 

5211 

5340 

4955 

5092 

5224 

5353 

4969 

6105 

5237 

5366 

5463 

5465 

5478 

5490 



6031 

6042 

6053 

6064 



8 

10 11 12 

8 

9 11 12 

8 

9 10 12 

8 

9 10 11 


6096 6107 6117 



7 8 10 11 
7 8 9 10 
7 8 9 10 
7 8 9 10 


6 7 8 9 
6 7 8 9 ; 
6 7 8 9 
6 7 8 9 


6 

7 

7 

8 

5 

6 

7 

8 

6 

6 

7 

8 

5 

6 

7 

8 
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ANTILOGARITHMS 



12 3 4 


1002 

1005 

1007 

1009 

1026 

1028 

1030 

1033 

1050 

1052 

1054 

1057 

1074 

1076 

1079 

1081 

1099 

1102 

1104 

1107 

1125 

1127 

1130 

1132 

1151 

1153 

1156 

1169 

1178 

1180 

1183 

1186 

1205 

1203 

1211 

1213 

1233 

1236 

1239 

1243 

1262 

1265 

1268 

1271 


1291 

1321 

1352 

1384 

1294 

1324 

1355 

1387 

1297 

1327 

1358 

1390 

1300 

1330 

1361 

1393 

1416 

1419 

1422 

1426 

1449 

1452 

1455 

1459 

1483 

1486 

1489 

1493 

1517 

1521 

1524 

1628 

1652 

1556 

1560 

1563 

1589 

1592 

1596 

1600 

1626 

1629 

1633 

1637 

1663 

1667 

1671 

1676 

1702 

1706 

1710 

1714 

1742 

1746 

1750 

1764 

1782 

1 1786 

1791 

1795 

1824 

1828 

1832 

1837 

1866 

1871 

1875 

1879 

1910 

1914 

1919 

1923 

1954 
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1963 

1968 

2000 

2004' 

2009' 

2014 

2046 

2051 

2056 

2061 

2094 

2099 

2104 

2109 

2143 

2148 

2153 

2158 

2193 

2198 

2203 

2208 

2244 

2249 

2254 

2259 


1038 

1040 

1042 

1045 

1062 

1064 

1067 

1069 

1086 

1089 

1091 

1094 

1112 

1114 

1117 

1119 

1138 

1140 

1143 

1146 

1164 

1167 

1169 

1172 

1191 

1194 

1197 

1199 

1219 

1222 

1225 

1227 

1247 

1250 

1253 

1256 

1276 

1279 

1282 

1286 

1306 

1309 

1312 

1316 

1337 

1340 

1343 

1346 

1368 

1371 

1374 

1877 

1400 

1403 

1406 

1409 

[1432 

1435 

1439 

1442 

1466 

1469 

1472 

1476 

1500 

1503 

1507 

1610 

1536 

1538 

1542 

1646 

1670 

1574 

1678 

1681 

1607 

1611 

1614 

1618 



6 7 8 8 


1 2 2 2 
1 2 2 2 
1 2 2 2 
2 2 2 2 


2 2 2 2 
2 2 2 2 
2 2 2 S 
2 2 2 S 


1644 
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1683 

1687 

i 1690 

1694 

1722 

1726 

1730 

1734 

1762 

1766 

1770 

1774 


0 112 
0 11 2 


2291 2296 2301 2307 2312 2317 

2344 2350 2355 2360 2366 2371 

2399 2404 2410 2415 2421 2427 

2455 2460 2466 2472 2477 2483 

2518 2523 2529 2536 

2676 2582 3588 2594 

2636 2642 2649 2665 

2698 2704 2710 2716 

2761 2767 2773 2780 
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4074 

4083 

4095 

4102 

4111 

4121 

4169 

4178 

4188 

4198 

4207 

4217 

4266 

4276 

4285 

4295 

4306 

4315 

4365 

4376 

4385 

4395 

4406 

.4416 


4571 

4677 

4786 

4898 

!4581 

4688 

4797 

4909 

4592 

4699 

4808 

4920 

4603 

4710 

4819 

4932 

' 4613 
4721 
48311 
4943: 

4624 

4732 

4842 

4956 


5023 

Uo35 

5047 

6068 


5129 

5248 

5370 

5495 

5140 

6260 

5383 

6508 

6152 

5272 

6395 

6521 

6164 

6284 

6408 

5534 

6176 

6297 

6420 

6546 

6188 

5309 

5433, 

6569 


5768 

6781 

6794 

6808 

6902 

6916 

5929 

5943 

6039 

6053 

6067 

6081 

6180 

6194 

6209 

6223 







7096 

7112 

7129 

7145 

7261 

7278 

7295 

7311 

7430 

7447 

7464 

7482 

7603 

7621 

7638 

7656 

7780 

7798 

7816 

7834 

7962 

7980 

7998 

8017 

8147 

8166 

8185 

8204 

8337 

8356 

8375 

8395 

8631 

8551 

8570 

8690 

8730 

8760 

8770 

8790 


4130 

4140 

4150 

4159 

4227 

4236 

4246 

4256 

4325 

4335 

4345 

4355 

4426 

4436 

4446 

4467 

4529 

4539 

4650 

4660 

4634 

4645 

4666 

4667 

4742 

4753 

4764 

4776 

4863 

4864 

4875 

4887 

4966 

4977 

4989 

6000 

6082 

6093 

6105 

5117 

5200 

5212 

5224 

6236 

5321 

6333 

6346 

5358 

6445 

6468 

6470 

5483 

6572 

6585 

6598 

5610 

6702 

6715 

6728 

6741 

5834 

5848 

6861 

6875 

6970 

6984 

■6998 

6012 

6109 

6124 

6138 

6152 

6252 

6266 

6281 

6295 

6397 

6412 

6427 

6442 

6546 

6561 

6677 

6592' 

6699 

6714 

6730 

6745 

6855 

6871 

6887 

6902 

7015 

7031 

7047 

7063 

7178 

7194 

7211 

7228 

7346 

7362 

7379 

7396 

7616 

7634 

7561 

7668 

7691 

7709 

7727 

7745 

7870 

7889 

7907 

7925 

8054 

8072 

8091 

8110 

8241 

8260 

8279 

8299 

8433 

8453 

8472 

8492 

8630 

8650 

8670 

8690 

8831 

8851 

8872 

8892 

9036 

9057 

9078 

9099 


6 7 8 9 10 



2 4 6 7 

9 

11 13 15 17 

2 4 6 8 

2 4 6 8 

2 4 6 8 

2 4 6 8 

9 

10 

10 

10 

11 13 15 17, 

12 14 15 17 
12 14 16 18 
12 14 16 18 

2 4 6 8 

10 

12 15 17 19 

2 4 6 8 

2 4 7 9 

2 4 7 9 

2 5 7 9 

11 

11 

11 

11 

13 15 17 19 
13 15 17 20 

13 16 18 20 

14 16 18 20 


9 11 12 14 
9 11 12 14 
9 11 13 14 
10 11 13 15 


10 12 13 16 

10 12 14 16 

11 12 14 16 
11 13 14 16 
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Acetate ions, effect upon ionisation 
of acetic acid, 30. 

Acetates, reactions of, 397. 

Acetone, 399, 492, 615. 

Acetylacetone test, 597. 

Acetylene, 498. 

Acid radicals (anions), classifica- 
tion of, 325; confirmatory 
test for, 442 (elementary), 
471 (semimicro), 549; in solu- 
tion, examination for, 438 
(elementary), 467 (semi- 
micro), 534; preliminary tests 
for, 496; reactions of, 325; 
special tests for mixtures of, 
416, 444 (elementary), 475 
(semimicro), 541. 

Acids, Bronsted-Lowry definition 
of, 9; cation 9; concentrated, 
strength of, 633 ; dilute, 
strength of, 633 ; dissociation 
of, 16; polybasic, 7, 28; 

strengths of, 27 ; strong, 7, 1 1 ; 
theory of, 6; weak, 7, 11. 

Activity, 22, 32. 

Activity coeflacient, 22, 23, 32, 33; 
and ionic strength, 24, 33; 
table of mean, 25. 

Activity product constant, 32. 

Adsorption, 136. 

Alizarin reagent, 270 ; prep, of, 270. 

Alizarin-S reagent, 271, 603; prep, 
of, 271, 603. 

Alloys, analysis of, 554 ; com- 
position of, 556. 

Aluminium, 267; reactions of, 267. 

Aluminium hydroxide, precipita- 
tion and solution of, 42. 

Aluminon reagent, 269; prep, of, 
270. 

Ammonia, tests for, 318, 319, 320, 
321, 463 (semimicro). 

Ammonia solution, 126, 206. 

Ammoniacal silver nitrate reagent, 
608; prep, of, 608. 
Ammoniacal silver sulphate solu- 
tion, prep, of, 417. 


Ammonium ion, acid dissociation 
of, 126; reactions of, 318. 
Ammonium mercurithiocyanate 
reagent, 228, 294, 295; prep, 
of, 228, 294. 

Ammonium mercurithiocyanate- 
cobalt sulphate test, 295; 
-copper sulphate test, 294. 
Ammonium molybdate reagent, 
386; prep, of, 637. 
Ammonium molybdate-auinine 
sulphate reagent, 389; prep, 
of, 389. 

Ammonium radical, preliminary 
tests for, 436 (elementary), 
463 (semimicro), 495; re- 
actions of, 318. 

Ampholytes, 10. 

Analysis, macro, 141; micro, 141; 
semimicro, 1 4 1 ; of alloys, 44 9 ; 
of liquids (solutions), 455 
(elementary), 487 (semimicro), 
553; of insoluble substances, 
556 ; of solid and non -metallic 
substances, 489; spot, 189; 
technique of, macro, 143, 
micro, 189, semimicro, 165. 

Analytical operations, macro, 143 ; 
micro, 189; semimicro, 165. 

Anions, see Acid radicals. 

Anthranilic acid reagent, 609. 

AntOogarithms, table of, 650. 

Antimony, 246; antimonic, re- 
actions of, 249 ; antimonious, 
reactions of, 247 ; special tests 
for small amounts of, 250. 

Apparatus, for spot test analysis, 
194; macro, 155; micro, 189; 
semimicro, 165, 187. 

Aqua, 21; regia, 448. 

Arsenate, reactions of, 392 ; reduc- 
tion of (in analysis), 452, 484 
(semimicro), 507. 

Arsenic, 237; arsenic, reactions of, 
240; arsenious, reactions of, 
237 ; special tests for small 
amounts of, 241. 
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Arsenite, reactions of, 392. 

Atomic weights, table of, 632. 

Auric compoimds, reactions of, 579. 

Barium, reactions of, 299. 

Bases, 8; anion, 9; Bronsted- 
Lowry definition of, 8; con- 
centration of, 633; strength 
of, 26 ; strong, 7 ; theory of, 7 ; 
weak, 7. 

Beakers, 155, 187 (semimicro). 

Benzidine reagent, 210, 351; prep, 
of, 211, 351, 370, 380. 

Benzoates, reactions of, 4 10. 

a-Benzoin oxime reagent, see 
Cupron reagent. 

Beryllium compounds, reactions 
of, 595. 

Bettendorff’s test, 239. 

Bicarbonates, test for, 328. 

Bismuth, 221; reactions of, 222. 

Blov^ipe tests, 143, 433, 462, 493. 

BoUing tube, 155, 166 (semimicro). 

Borates, reactions of, 373 ; removal 
in analysis, 486 (senadmiorQ) , 
508, 566; test for, SOL 

Borax bead tests, 150, 435, 463, 
494, 615. 

Bromates, reactions of, 369, 540. 

Bromides, reactions of, 355. 

Brown ring test, 363, 473 (semi- 
micro). 

Buffer action, 109. 

Buffer solutions, 102, 109; calcula- 
tions involving, 114; effect of 
dilution upon, 112, 113; pre- 
paration of, 112, 643. 

Bunsen ffame, structure of, 145. 

Cacodyl oxide test, 399. 

Cacotheline reagent, 253; prep, of, 
253. 

‘^Cadion 2B” reagent, 231; prep, 
of, 231. 

Cadmium, 229; dry test for, 231; 
reactions of, 229. 

Calcium, 303 ; reactions of, 303. 

Carbide, 498. 

Carbonate, reactions of, 326. 

Carborundum, 562. 

Cells, calculation of e.m.f. of 
voltaic, 90; concentration, 90 ; 
oxidation-reduction, 91. 


Centrffugate, 170, 207 ; transfer of, 
micro, 190. 

Centrifugation, 170; advantages 
of; 170. 

Centrifuge, 169; electric, 172; 
hand, 171; theory of, 170; 
use of, 172. 

Centrifuge tubes, 165, 174; clean- 
ing of, micro, 193; heating of 
solutions in, 192 ; micro, 189. 

Ceric compounds, reactions of, 609. 

Ceirous compounds, reactions of, 
607. 

Charcoal block, 143; reductions 
upon, 144, 433, 462 (semi- 
micro), 493. 

Chemical eauations, see Equations. 

Chemical formulae, see Formulae. 

Chloramine-T, 446. 

Chlorates, reactions of, 366, 540. 

Chlorides, reactions of, 352. 

Chlorine water, 635; equivalent 
solution, 358, 420. 

Chloroplatinates, reactions of, 581. 

Chdoroplatinic acid reagent, 315, 
320; prep, of, 316. 

Cbromate, reactions of, 393; test 
for, 547. 

Chromatograms, paper, 616, 622. 

Chromium, 272 ; chromic, reactions 
of, 272; oxidation to chro- 
mate, 274. 

^‘Chromotrope SB’’ reagent, 376; 
prep, of, 376, 600. 

Chromotropic acid reagent, 275, 
600; prep, of, 275. 

Chromyl chloride test, 353, 419. 

Cinchonine-potassium iodide re- 
agent, 224; prep, of, 224. 

Citrates, reactions of, 407. 

Classification, analytical of the 
metals, 205. 

Cleaning of apparatus, 162, 182 

(semimicro). 

Coagel, 137. 

Coagulation, 135; value, 138. 

Cobalt, 279; reactions of, 279. 

Cobalt acetate-ammonium thio- 
cyanate reagent, 221. 

Cobalt blue glass, 317, 323. 

Cobalt nitrate, colour reactions 
with, 387, 494. 

Gobalticyanide, 500. 
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Colloidal state, 134, 135. 

Colloids, 135; lyophilic, 137; lyo- 
phobic, 137. 

Colour, changes of, by heating, 
491; reactions with cobalt 
nitrate, 387, 494. 

Coloured compounds, commonly 
occurring, 490. 

Common ion effect, 29. 

Comparator, 105; Lovibond, 105. 

Complex cyanides, decomposition 
of, 500, 559. 

Complex hydroxide ions, 55. 

Complex ions, 51 ; calculations in- 
volving, 57; instability con- 
stants of, 52; table of 
instability constants of, 57. 

Concentration limit, 195. 

Concentration of reagents, 633. 

Conductance, 12; equivalent, 12; 
equivalent, and dissociation 
constant, 21, 22; limiting, 13; 
specific, 12. 

Conjugate acid-base pair, 9, 125. 

Copper, 224; hydroxide test, 406; 
reactions of cupric, 225; sul- 
phide suspension, prep, of, 
343. 

Coprecipitation, 45. 140. 

Counter ions, 137. 

Course of instruction, abbreviated 
for elementary students, 431, 
459 (semimicro). 

Cupferron reagent, 264, 599; prep, 
of, 265, 

Cupric sulphate-pyridine reagent, 

347. 

Cupron reagent, 227, 577 ; prep, of, 
227. 

Cyanates, reactions of, 344. 

Cyanides, reactions of, 340; addi- 
tional test for, 465, 498, 546. 

Cyanogen, 350, 492. 

Decantation, washing by, 158, 174 
(semimicro). 

Defacqz reaction, 575. 

Deniges reagent, 408 ; prep, of, 409. 

Devarda’s alloy, 364, 417, 436, 464, 
501. 

Dialysis, 136. 

Dichromates, reactions of, 393. 

Digestion, 140. 
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p-Dimethylaminobenzene-azo-^ 
phenylarsonic acid reagent, 
603; prep, of, 603. 
p-Dimethylammobenzylidene» 
rhodanine reagent, 215, 580; 
prep, of, 216, 580. 

Dimethylglyoxime reagent, 253, 
262, 285, 583, 594; prep, of, 
253, 262, 286, 637. 

jSjS-Dinaphthol reagent, 407; prep, 
of, 407. 

Dinitro-p-diphenylcarbazide re- 
agent, 230; prep, of, 231- 

Diphenylamine reagent, 365; prep, 
of, 365. 

Diphenylcarbazide reagent, 274, 
312, 395; prep, of, 275, 312. 

Diphenylcarbazone reagent, 220; 

prep, of, 221. 

Diphenylthiocarbazone (or Dithi- 
zone) reagent, 2li; prep, of, 
212 . 

Dipicrylamine reagent, 316; prep, 
of, 316. 

aa'-Dipyridyl reagent, 261; prep, 
of, 316. 

Dioxan, 615. 

Disperse medium, 136; phase, 136; 
system, 136. 

Dissociation, Arrhenius theory of 
electrolytic, 4; experimental 
determination of approximate 
degree of, 12, 13, 14; of poly- 
basic acids, 28; theory of 
complete, 17. 

Dissociation constant, acid, 20; 
basic, 22; primary, 28; 
secondary, 28; tertiary, 28; 
thermodynamic, 23; table of, 
for acids and bases, 27. 

Distribution coefficient, 131. 

Distribution law, 131; applications 
in analysis, 132. 

Dithiol reagent, 254; prep, of, 254. 

Dithionites, reactions of, 415. 

Dithioxamide reagent, see 
Rubeanic acid reagent. 

Droppers, 166, 430; capillary, 167; 
medicine, 167, 430; reagent, 
166; calibration of, 167; con- 
struction of, 167, 431. 

Dropping bottle, semimicro, 168, 
196; T.K., 168. 
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Drop reaction paper, 184, 197, 204. 

Dry reactions, 143, 

Electrode, calomel, 106; hydrogen, | 
86, 86, 106; quiahydrone, 107. 

Electrode potentials, 83, 84 ; appli- 
of equi- 

^ 1^^^ constants, 89; cal- 

culation of, 88; standard, 86, 
89; table of standard, 87. 

Electrolysis, 2. 

Electrolytes, 2. 

Electrolytic dissociation, theory of, 
2,4, 17. 

Electrolytic solution pressure, 83, 

Elementary students, abbreviated 
course of instruction, 431, 
459 (semhnicro). 

Equations, chemical, 69; balancing 
by ion-electron method, 68; 
balancing by oxidation num- 
ber method, 64; balancing of, 
61. 

Equilibrium between a sparingly 
soluble salt and a liquid, 38. 

Equilibrium constants, 19, 20, 89; 
of oxidation-reduction re^ 
actions, 94, 95. 

Equivalent weight, 77; of an acid, 
77 ; of a base, 77 ; of acid and 
double salts, 78; of a normal 
salt, 78; of an oxidising 
agent, 78 ; of a reducing agent, 
79; ionic equations for use in 
calculation of, oxidising and 
reducing agents, 80 ; variation 
with reaction, 80. 

Etching test, 361. 

Ethylenediamine reagent, 220; 

prep, of, 220. 

Evaporation, 161; anti-bumping 
device for, 162. 

Fehliag’s solution, 225; prep, of, 
638. 

Penton^s test, 406. 

Ferric chloride, “neutral” solution, 
prep, of, 442, 471, 645, 568. 

Ferric periodate reagent, 614 ; prep, 
of, 614. 

Ferricyanides, reactions of, 350; 
removal in analysis, 500, 540. 

‘‘Ferri-thiocyanate” test, 342. 


Ferrocyanides, reactions of, 348; 
removal in analysis, 600, 540v 

Filter cone, 160; pipette (micro), 
200 ; stick (Emieh), 201 ; sup- 
port, 160; tube (micro), 200. 

Filter paper, impregnated, 199; 
macerated, 139, 158, 427 ; for 
spot reactions, 197, 204. 

Filtration, 158 ; accelerator, 139, 
168, 427; aids to, 159. 

Flame, non-luminous Birnsen, 145 ; 
oxidising, 143, 145; reducing, 
143, 145; spectra, 147; tests, 
145, 435, 462 (semimicro), 
492. 

Flasks, conical or Erlenmeyer, 
165, 1 87 (semimicro). 

Fleitmann’s test, 245. 

Flocculation, 135; value, 138. 

Fluorescein reagent, prep, of, 357. 

Fluorescein test, 356 (for bromine), 
412 (for succinate), 412. 

Fluorides, reactions of, 360; 
removal in analysis, 487 
(semimicro),- 605, 508; test 
for, 546. 

Fluosilicates, reactions of, 384. 

Pormaldoxime reagent, 291; prep, 
of, 291. 

Formates, reactions of, 400. 

Fuchsin bisulphite reagent, prep, 
of, 358; test, 357. 

Fuchsin reagent, 331; prep, of, 
331,638. 

Funnel, Buchner, 160; “slit sieve”, 
161; sintered glass, 161. 

a-Furil-dioxime reagent, 286; prep. 
of, 286. 


Gallate, 428, 500, 545. 

Gahocyanine reagent, 2ii; prep, 
of, 211. 

Gamma (y), 195. 

Gases, identification, in micro 
analysis, 193, 202; in semi- 
micro analysis, 181. 

Gas reactions in spot analysis, 193, 

202 . 

Gel, 137. 

Gold, see Auric compounds. 

Gram equivalent weight, see Equi- 
valent weight. 
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teoni separation (advanced), 
general scheme in presence 
of phosphates, etc. (Table I), 
505; (Table II), 511. 

Group separation tables (advanced) : 
Group I (Table III), 512; 
Group II, separation of sub- 
groups (Table IV, Method A), 
513 or (Table IVA, Method 
B), 515 ; Group IIA (Table V), 
517; Group IIB (Table VI), 
619 or (Table VIA), 521; 
Group IIIA (Table VII), 523; 
Group IIIB (Table VIII), 524 
or (Table VIIIA), 527; Group 
IV (Table IX), 529 or 
(Table IXA), 532; Group V 
(Table X), 533. 

Group separation tables (advanced, 
including: “rarer’’ elements): 
Group I in presence of T1 and 
W (Table I), 676; Group II 
in presence of Mo, Au, Pt, 
Pd, Se and Te (Table II, III 
and IV), 589, 690, 691 and 
692; Group IIIA in presence 
of Ti, Zr, Ce, Th, U and V 
(Table V), 611; Group IIIB, 
notes on precipitation in pre- 
sence of Tl, V and Mo, 612; 
Group V, notes on detection 
of Li in, 615. 

Group separation (elementary), 

general scheme (Table S), 450. 
Group separation tables (element- 
ary): Group I (Table I), 217; 
Group IIA (Table II), 233 or 
(Table IIA), 224; Group IIB 
(Table III), 256 or (Table 
IIIA), 257; Group IIIA 
(Table IV), 277; Group IIIB 
(Table V), 297; Group IV 
(Table VI), 307; Group V 
(Table VII), 323. 

Group separation (semimicro), 
general scheme (Table SM.S), 
482. 

Group separation tables (semi- 
micro): Group I (Table SM.I), 
217; Group IIA (Table 
SM.IIA), 258; Group IIB 
(Table SM.IIIA), 258; Group 
IIIA (Table SM.IV), 278; 


Group IIIB (Table SM.V), 
298 ; Group IV (Table SM.VI), 
308 or (Table SM.VIA), 309; 
Group V (Table SM.VII), 
324. 

Groups, division of acid radicals 
(or anions) into, 325; division 
of metal ions (or cations) into, 
206. 

Gutzeit’s test, 244, 251. 


Heat on substance, action of, 143, 
433, 460, 490. 

Hepar reaction, 378. 
Hexanitro-diphenylamine reagent, 
see Dipicrylamine reagent. 

Hofmann’s test, 244. 

Hydrogen ion concentration, deter- 
mination of, by buffer solu- 
tion method, 102; by com- 
parator (or permanent colour 
standard) method, 104; by 
electrometric method, 106. 

Hydrogen ion exponent (pH), 99; 
adjustment for precipitation 
with HgS, 451 (elementary), 
483 (semimicro), 606. 

Hydrogen peroxide, reactions of, 
413. 

Hydrogen sulphide, details of use 
of, macro 156, micro 193, 
semimicro 179; generator, 
semimicro, 181; poisonous 
character of, 210; sulphide 
ion concentration in solution 
of, 29, 30. 

Hydrolysis, 116, 117, 128; and 
proton theory of acids and 
bases, 125; constant, 117; 
constant and degree of hydro- 
lysis, 117; calculations in- 
volving, 119, 120, 121, 122, 
124; degree of, 118; of metal- 
lic ions, 130 ; of salts, 114, 116; 
pH of hydrolysed salts, 119, 
122,124. 

Hydrosulphites, reactions of, 415. 

Hydroxonium ion, 6. 

8-Hydroxyquinoline reagent, see 
Oxine reagent. 

Hypochlorites, reactions of, 351. 

Hjrpophosphites, reactions of, 391. 
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Ignition tube, 143, 433, 460 (semi- 
micro), 490. 

Impregnated reagent paper, 198. 

Incrustation, 144. 

Indicator, 10 1 ; narrow range, 102 ; 
tiniversal, 102; wide range, 
102 ; table of colour changes 
and pH ranges of, 103. 

Indigo solution, prep, of, 416, 638; 
test, 399. 

Indole reagent, 340; prep, of, 340. | 

Infusible white precipitate, 212. | 

Insoluble substances, analysis of; I 
666; preparing a solution of, 
661. 

Instability constants of complex 
ions, 62; table of, 67. 

lodates, reactions of, 370, 539; test 
for, 647. 

Iodides, reactions of, 358. 

Iodine, distribution iDotween water 
and an organic solvent, 131, 
134; solution, prep, of, 636. 

Ionic mobilities, 16; stren^h, 23, 
24. 

Ionic product of water, 97; at 
various temperatures, 99. 

Ionisation, theory of complete, 17, 
18. 

Ionisation constant, see Dissocia- 
tion constant. 

Ions, 2; independent migration of, 
15; reactions of, 5. 

Iron, 269; ferric, reactions of, 262 ; 
ferrotis, reactions of, 260; 
ferrous and ferric, distinctive 
tests for, 266; oxidation of 
ferrous to ferric, 266; reduc- 
tion of ferric to ferrous, 266. 

Lakes, coloured, 139. 

Lanthanum nitrate test, 399. 

Lead, 208; reactions of, 208; 
sulphide paper, prep, of, 415. 

Limit of ideuMcation, 196. 

Lithium compounds, reactions of, 
613. 

Logarithms, table of, 648. 

Lovibond comparator, 106. 

Macerated filter paper, 139, 168. 

Magenta test, 357. 

Magnesia mixture, 239, 241, 386; 
pr^. of, 638. 


Magnesium, 310; reactioxis of, 311. 

Magnesium nitrate reagent, 239, 
241, 386; prep, of; 638. 

Magneson I reagent, 313; prep, of, 
313. 

Magneson II reagent, 313. 

Manganese, 287; manganous, re- 
actions of, 288. 

Manganous nitrate-silver nitrate 
reagent, 321 ; prep, of, 322. 

Manganous sulphate-phosphoric 
acid reagent, 368; prep, of, 
369. 

Mannitol-hromothymol blue test, 
376 ; reagent, prep, of, 377, 

Marsh’s test, 242, 250. 

Mass action, law of, 18, 19 ; appli- 
cation to solutions of weak 
electrolytes, 20, 21, 22, 

Mercuric chloride paper, prep, of, 
246. 

Mercury, 212, 218; mercuric, re- 
actions of, 219; mercurous, 
reactions of, 212. 

Metal ions, analytical classification 
of, 206. 

Metallic hydroxides, as weak bases, 
130. 

Metaphosphates, reactions of, 389, 
390. 

Methyl-1 : 2-dimercapto-henzene 
reagent, see Dithiol reagent. 

Methyl violet indicator, 451, 483, 
506. 

Methylene blue test, 337, 415. 

Micro analysis, 188; apparatus 
for, 189, 194; cleaning of 
apparatus for, 197; general 
discussion on, 188; identifi- 
cation of gases in, 193, 202, 
203 ; technique of, 188. 

Micro beaker, 192; gram, 196; 
filter pipette, 200 ; filter stick, 
201 ; test-tube, 197. 

Micro centrifuge tube, 189; clean- 
ing of, 193; heating of solu- 
tions in, 192; passage of HgS 
into a solution in, 193 ; pre- 
cipitations in, 190; transfer 
of centrifugate from, 190; 
transfer of precipitate from, 
191; washing of a precipitate 
in, 191. 
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Mero distillation, 203. 

Microcosnaic salt Bead tests, 153, 
382, 495; eoloiirs of, 154. 

Micron, 135. 

Microscope tests, acetylacetone (for 
Be), 597 ; ammoiiium carbon- 
ate solution (for Li), 614; 
calcium sulphate dihydrate 
(for Ca), 305, 529. 

Millimicron, 186. 

Modification of the analysis in the 
presence of: borate and fluo- 
ride, 505, 508, 566; organic 
acids, 508, 566; phosphate, 
464 (elementary), 486 (semi- 
micro), 505, 608, 511, 666; 
silicate, 505, 508, 566. 

Molar solutions, 76. 

Molybdates, reactions of, 577, 

Molybdenum blue, 249. 

Mernst equation, 130. 

Nessler’s reagent, 319, 496; prep, 
of, 319. 

Neutral solution, ^^NaaCOg practi- 
cally”, prep, of, 427, 441, 470 
(semimicro), 544. 

Nickel, detection of traces in cobalt 
salts, 286 ; hydroxide, prep, of, 
332; reactions of, 283; sul- 
phide, colloidal character of, 
284, 453, 485, 509. 

Nickel ethylenediamine reagent, 

334; prep, of, 334. 

Nitrates, preliminary tests for, 436 
(elementary), 464 (semimicro), 
501; reactions of, 363. 

Nitrites, preliminary tests for, 436 
(elementary), 464 (semimicro), 
501; reactions of, 338. 

p-Nitrobenzene-azo-chromotropic 

acid reagent, 376; prep, of, 
376. 

p-Nitrobenzene-azo-a-naphthol re- 
agent, 313; prep, of, 313. 

p-Nitrobenzene-azo-orcinol re- 
agent, 597; prep, of, 597. 

p-Nitrobenzene-azo-resorcinol re- 
agent, 313; prep, of, 313. 
p-Nitrobenzene-diazonium chloride 

reagent, 321; prep, of, 321. 

m-Nitrobenzoie acid reagent, 607; 
prep, of, 607. 
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Nteon reagent. 366; prep, of, 366. 
a-Nitroso-p-naphthol reagent, 281, 
583; prep, of, 282. 

Nitroso-R-salt reagent, 282; prep, 
of, 282. ^ ^ 

Normal solution, 76, 77. 

Oil of winter-green test, 409 . 

Organic acids, removed in analysis, 
486 (semimicro), 505, 508,' 
566; table of separation of' 
427, 428. 

Orthophosphates, reactions of, 385 
390. 

Osmotic pressure, 84. 

Ostwald’s dilution law, 2i. 

Oxalates, reactions of, 401 . 
Oxidation, 61, 62, 63. 

Oxidation number method, 64 . 

Oxidation numbers, determination 
of, 64. 

Oxidation potential, 91 ; calculation 
of, 93; standard, 92; table of, 
92. 

Oxidation-reduction cells, 91; dis- 
cussion of, 61; reactions, 
equilibrium constants of, 95; 
theory of, 82. 

Oxidising agents, 63; examples of, 
72; strengths of, 91; table of 
common, 75; test for, in 
analysis, 439 (elementary), 
468 (semimicro), 538. 

Oxine reagent, 312; prep, of, 312, 
598. 

Paliadous compounds, reactions 
of, 583. 

Paper chromatograms, examples 
of, 622. 

Paper chromatography, 616; ad- 
vantages of, 618 ; apparatus 
and general technique for, 
618; development of chro- 
matogram in, 616; miscel- 
laneous separations by, 627; 
purification of solvents for, 
622; solvents for, 621; typical 
separations by, 623. 

Particle size, 135. 

Partition coefficient, 131. 

Partition law, 131; applications in 
analysis, 132. 
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Feptisation, 137, 139. 

“Fercliromic acid’^ 394, 413. 

FercMorateSj reactions of, 372. 

FeriodatOj distinction from iodate, 
548 ; test for, 648. 

Fermangaiiates, reactions of, 395. 

Peroxides, removal from diethyl 
ether, 413. 

Fer-salts, 437, 498. 

pH, 99 ; calculations involving, 
100; determination of, by 
buffer solution method 102, 
by comparator (or permanent 
colour standard) method 104, 
by electrometric method 1G6. 
pH of a solution of a hydrolysed 
salt, 119, 122, 124. 

Fhenylarsonic acid reagent, 602; 

prep, of, 602. 

Fhenylhydrazine reagent, 578; 
prep, of, 578. 

Phosphate bead tests, 153; colours 
of, 154. 

««Phosphate separations”: by 

acetate buffer-ferric chloride 
method, 668; by stannic 
chloride method, 670; by 
zirconyl nitrate method, 454 
(elementary), 487 (semimicro), 
511. 

Phosphates, see Orthophosphates. 

Phosphine, 388, 391, 392, 393. 

Phosphites, reactions of, 390. 

Phosphomolybdic acid reagent, 

249; prep, of, 249. 

Picrolonic acid reagent, 305. 

Pipette, dropper, 166, 195; filter 
for spot analysis, 200; trans- 
fer capillary, 190. 

Platinum, see Chloroplatiaates. 

Platinum wire, cleaning of, 147, 
152; loops, 195; tests, 146, 
435,462,492. 

‘‘PoMceman”, 165. 

Polysulphide, 498. 

Post-precipitation, 45, 140. 

Potassium, reactions of, 316. 
Potassium eobalticyanide test 
paper, prep, of, 296. 

Potassium xanthate, 678. 

Precipitate, drying of^ 162; 
removal from filter, 159; 
transfer of, 191 (micro), 176 


(semimicro) ; washing of, 158, 
174 (semimicro), 191 (micro). 

Precipitation, 166; fractional, 47; 
of hydroxides, 42; with 
hydrogen sulphide, technique 
of, 156, 179 (semimicro), 193 
(micro), 452, 484, 606. 

Preliminary tests, 433 (elementary), 
460 (semimicro), 490. 

Prepared solution, “ITaaCOg”, prep, 
of, 427, 439 (elementary), 467 
(semimicro), 535. 

n-Propylarsonic acid reagent, 602; 

prejp. of, 603. 

Protolytic reactions, 10. 

Prussian blue, 261, 263. 

Prussian blue test, for cyanides, 
341, 498, 546. 

Pyrocatechol reagent, 600; prep, 
of, 600. 

Pyrogallol reagent, 223; prep, of, 
223. 

Pyrophosphates, reactions of, 389, 
390. 

Pyrrole reagent, 585; prep, of, 386. 

Quinaldinic acid reagent, 294; 
prep, of, 294. 

Quinalizarin reagent, 271, 3 14, 
596; prep, of, 271, 314. 

Quinhydrone, 108, 109. 

“Rarer” elements, reactions of 
some, 571. 

Reactions, on a semimicro scale, 
207, 458; selective, 204; 
specific, 204. 

Reagent bottles, semimicro, 168. 

Reagent paper, impregnated, 198, 
199. 

Reagents, concentration of, 76; 
preparation of, 633; prepara- 
tion of special, 637; semi- 
micro, 169; side shelf, 169; 
solid, 640 ; specific, 204 ; see 
also under individual reagents. 

Redox processes, 63. 

Reducing agents, 63, 64; examples 
of, 74; table of common, 75; 
tests for, in analysis, 439 
(elementary), 468 (semi- 
micro), 537. 

Reduction, 62, 63, 68, 
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Eeinscli’s test, 246, 251. , 

Eesorcinol test, 406. ^ 

Ef values, 616. : 

Eiioiamine-B reagent, 248; prep, 
of, 249. 

Ehodanine reagent, 215; prep, of, 
216. 

Eiegler’s solution, 321. 

Einmann’s green test, 295. ■ 

Eiil)eanic acii reagent, 227, 282, 
287, 582; prep, of, 228, 283, 
287, 582. 

SalicylaMoxime reagent, 227, 583; 
prep, of, 227. 

Salicylate, reactions of, 409; in 
analysis, dangers attending, 
410. 

Salt effect, 33. 

Salt solutions, strength of, 634. 

Salts, pH of hydrolysed, 119, 122, 
124; structure of, 11. 

Sebacic acid, 604. 

Selective reaction or reagent, 204. 

Selenates, reactions of, 586. 

Selenites, reactions of, 584. 

Selenium, 584. 

Semimicro, air bath, 179; 
apparatus, cleaning of, 183; 
apparatus, list of 187; boiling 
tube, 166; centrifuge, 169; 
centrifuge, electric, 172; cen- 
trifuge, hand, 171; centrifuge, 
use of, 172; centrifuge tube, 
165; droppers, 166; drop re- 
action paper, 184; evapora- 
tion, 177, 179; filter tubes, 
182; flasks, 187; HgS genera- 
tor, 180; precipitations with 
HgS, 179; reagent bottles, 
168; reagents, 169; spot 
plates, 184; spatulas, 176; 
stirring rods, 166; test-tubes, 
165; test-tube brushes, 183; 
test-tube holders, 178; wash 
bottles, 175 ; water baths, 177, 
178. 

Semimicro analysis, 141, 457; 
advantages of, 141; calcula- 
tion of volume of precipitating 
reagents in, 184; dissolving of 
precipitate in, 179; heating of 
solution in, 176; identification 


of evolved gases m, 181; 
practical hints on, 185; 
technique of, 165, 458; 

transferring of precipitate in, 
176; washing of precipitate 
in, 174. 

Sensitivity, 195. 

Silica ‘^skeleton”, 153, 382. 

Silicates, reactions of, 381; re- 
moval in analysis, 505, 508, 
566; test for, 545. 

Silicides, 562. 

Silicofluorides, reactions of, 384. 

Silicon tetrafluoride test, 382. 

Silver, 2 14 ; reactions of, 214. 

Silver mirror test, 404. 

Silver nitrate solution, tests with, 
440 (elementary), 469 (semi- 
micro), 540. 

Sodium, 317; reactions of, 317. 

Sodium alizarin sulphonate, see 
Alizarin -S. 

Sodium azide-iodine reagent, prep, 
of, 335, 337, 347. 

Sodium carbonate bead tests, 154. 
Sodium carbonate-phenolphthalein 
reagent, 328; prep, of, 328. 

Sodium cobaltinitrite reagent, 315, 
320, 572; prep, of, 638. 

Sodium dihydroxsdartrate osazone 
reagent, 304. 

Sodium hypochlorite solution, 358, 
420, 639. 

Sodium l-nitroso-2-hydroxynaph- 
thaiene-3 : 6-disulphonate re- 
agent, see Nitroso-R-salt re- 
agent. 

Sodium rhodizonate reagent, 301, 
302; prep, of, 301. 

Sodium stannite reagent, 222; 
prep, of, 222, 223. 

Sols, 137 ; hydrophilic, 138; hydro- 
phobic, 138. 

Solubilities of salts, 496; table of, 
647. 

Solubility, of AggSOi and TlCi, 
influence of various salts 
upon, 33, 34; of sparingly 
soluble salts of weak acids in 
strong mineral acids, 46. 

Solubility product, 31; examples of 
calculations involving, 35 ; 
table of, 37. 
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SolEbility product principle (rela- 
tion), 32; applications of, 38; 
to precipitation of hydroxides, 
42 ; to '"|)recipitation of sul- 
phides, 40; to solubility of 
sparingly soluble salts of weak 
acids in strong mineral acids, 
46. 

Solutions o! solid for analysis, prep, 
of, 448 (elementary), 479 
(semimicro), 602. 

Solution of “insoluble substances”, 

661. 

Solutions, preparation of, 49; some 
properties of, 3; see BuSer 
solutions. 

Solvents, 639; amphiprotic, 125; 
aprotic, 125; protogenic, 125; 
protophilic, 125; for paper 
chromatography, 621, 622. 

Solvolysis, 128. 

Specific reactions or reagents, 204. 

Spectcoscope, 147; direct vision, 
148. 

Spectroscopic tests, 147. 

Spectrum lines, diagram of, 151; 
table of, 150. 

Spot plates, 184, 196. 

Spot test analysis, 189; apparatus 
for, 194; apparatus for diges- 
tion, 196; apparatus for gas 
reactions in, 202; filter paper 
for, 197, 204 ; filter pipette for, 
200, 201; heating of filter 
paper in, 197, 201; impreg- 
nated reagent paper for, 198, 
199; removal and addition of 
drops in, 195, 196; separation 
of solid and liquid phases in, 
200; technique of, 196. 

Spray, glass, 199. 

Stannous chloride reagent, prep, of, 
220 . 

Starch reagent, prep, of, 360, 639. 

Sticring rods, 155, 166 (semimicro). 

Strontium, 302; reactions of, 302. 

Sublimate, 434, 461, 491. 

Succinates, reactions of, 412, 

Sulphamic acid, for removal of 
nitrites, 339, 417. 

Sulphanilic acid-a-naphthylamine 
reagent, 340; prep, of, 340. 

Sulphates, reactions of, 377. 


Sulphide ion concentration In, 
0-25M HCl saturated withH 2 S, 
30 ; in saturated H gS solution, 
29. 

Sulphides, reactions of, 335. 

Sulphites, reactions of, 329; 
fuchsin test for, 331. 

Sulphur dioxide, test for, 329, 331, 
332. 

Tannate, 428, 500, 545. 

Tannic acid-silver nitrate test, 320. 

Tannin test, 594. 

Tartaric acid-ammonium molyb- 
date reagent, prep, of, 389. 

Tartrates, reactions of, 404. 

Tellurates, reactions of, 588. 

Tellurites, reactions of, 587. 

Tellurium, 587. 

Test solutions, prep, of, 640. 

Test-tubes, 155, 165 (semimicro). 

Tetrafluoride test, 361, 362, 546. 

Tetramethyldiamino-diphenyl- 
methane (or “tetra-base”) re- 
cent, 210; prep, of, 210. 

Thallic compounds, reactions of, 
573. 

Thallous compounds, reactions of, 
572. 

Thenard’s blue, 272. 

Thiocyanates, reactions of, 345, 
541. 

Thiosulphates, reactions of, 333, 
538. 

Thioureareagent, 224 ; prep, of, 224. 

Thorium compounds, reactions of, 
606. 

Tin, 251; stannic, reactions of, 
254; stannous, reactions of, 

^ . 252. '■ ■„ 

Titan yellow reagent, 314; prep, 
of, 314. 

Titanic compounds, reactions of, 
598. 

Titanic sulphate solution, prep, of, 
414,598. 

Titanium chloride reagent, 349; 
prep, of, 349. 

Transfer capillary pipette, 190. 

Transport number, 15. 

Triethanolamine, 307, 308, 529, 
531. 

Tungstates, reactions of, 574. 
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Tumeric paper testa 3.75» ^ 

T^daU eiectj 135. ■ 

Ultra-fiitratiOEj 136. 
TOtramicroscopej 135. 

IFranyl compoimdSj reactions of, 
604. 

'Uranyl magnesium acetate reagent, 

, 317; prep, of, 317. 

Uranyi 25mc acetate reagent, 317; 

prep, of, 318. 

Urea, 251, 417, 

Yanadates, reactions of, 592, 
Yanadium, 592. 

Walpole tedmique, for 104. 
Wasll bottle, 156, 175 (semimicro). 


Washing, by decantation, 158. 

Wet reactions, 154. 

Whatman Mtration accelerator, 
139, 158, 427. 

Working hints, 163, 185 (semi- 
micro). 

Zinc, 291; hydroxide, precipita- 
tion and solution of, 44; re- 
actions of, 292. 

Zirconium-alizarin lake test, 362. 

Zirconium-alizarin-S test paper, 
prep, of, 363. 

Zirconium compounds, reactions 
of, 601. 

Zirconyl nitrate reagent, 387, 455, 
487, 511; prep, of, 639. 



